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ABSTRACT
The s e n s it iz e d  flu o rescen ce  o f potassium  vapour, induced by 
potassium  -  potassium  and potassium  -  argon c o l l i s io n s ,  was in v e s t ig ­
ated  fo r  th e  f i r s t  tim e e t  low potassium  d e n s i t ie s  to  determ ine th e  
e f f ic ie n c y  o f  c o l l i s io n s  o f  th e  seoond kind in  th e se  systems* The 
o o l l la io n  numbers were found to  vary  l in e a r ly  w ith  atom ic d e n s ity  in
b o th  ty p es  o f  c o l l i s io n s .  In  bo th  system s, th e  p ro b a b i l i t i e s  o f  th e
o p  2 2
t r a n s i t io n s  b P ^ - —► b p jy 2 and b ** P^ / 2 were foun(*
id e n t ic a l  a t  low atom ic d e n s i t i e s .  The c ro ss  s e c tio n  fo r  potassium  -
potassium  c o l l i s io n s  a t  low p ressu re  i s  given by
Q =  5.50 x 10”15 ^
or Q =  6 .60  x 10 *2 cm2 a t  bOO°K
S im ila r ly , f o r  potassium  -  argon c o l l i s io n s !
15Q = 7.25 x 10" V f  
o r Q =  l . b  x 10’ 14 cm2 a t  575 °K.
At h ig h e r p re s su re s , th e  p ro b e b il i ty  o f  an upward t r a n s i t i o n
was found to  be g re a te r  than  th e  p ro b a b il i ty  o f  a  downward t r a n s i t i o n ,
and th e  c ro s s  s e c tio n s  were found to  vary  in v e rse ly  w ith  p re s su re .
For th e  potassium  -  argon c o l l i s io n s  a t  p re ssu re s  above 20 T o rn
Q1 ( *2pi / 2“ * **2p5 /2  ) = (8 -7 0  x 10” 17 ♦ j . 1 5  x 10"^  ] v /T
q2 ( h \ / 2 ) = (5 *14 x 10-17  * 2 ,5 2  x 10~ ^ )  ^
o r a t  575 K and 200 T orr P
-15  2 Qj =  1V98 x 10 cm
-15  2 
Qg — 1 .25  x 10 cm
The id e n t i ty  o f  and Q2 a t  low p re ssu re s  i s  exp lained  on th e
i i
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b a s is  o f  co n se rv a tio n  o f  th e  component o f  th e  t o t a l  an g u lar momentum 
o f  th e  c o l l id in g  atoms a long  th e  c o l l i s io n  a x is .
i i i
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I  INTRODUCTION 
Resonance F luorescence in  A lk a li M etal Vapoura .
I f  atome in  th e  ground e ta te  a re  i r r a d ia te d  w ith  l ig h t  o f 
frequenoy V and , in  re tu rn in g  to  th e  ground e ta t e ,  reem it l ig h t  o f  
th e  earae frequenoy, th e  em itted  l i g h t  ie  termed reaonanoe ra d ia tio n *
This means t h a t  i f  an atom p o sse s se s  some e ta te  from which th ere  
e x is t s  b u t one downward t r a n s i t i o n ,  t h i s  s ta t e  i s  a resonance s t a t e .
The a l k a l i  m e ta ls  p o ssess  two Buch resonance s ta te s  whose correspond­
ing  downward t r a n s i t io n s  may be rep resen ted  as  t 
n 2P5 /2  — *n 2S1 /2
"  ^ 1 / 2  >n 2£Sl / 2  *
where n i s  th e  p r in c ip a l  quantum number o f th e  m etal concerned. The
s p e c tra l  l in e s  a r is in g  from th e se  t r a n s i t io n s  a re  known as  th e  D l in e s .
R. W, Wood (1905) f i r s t  observed resonance f lu o rescen ce  w ith  
sodium and o r ig in a te d  th e  term  resonance f lu o re sc e n c e . He n o ticed  
th a t  when a cone o f  resonsnoe r a d ia t io n  was made in c id e n t on a sample 
o f  a lk a l i  vapour, i t  was sh arp ly  defin ed  by s cone o f  f lu o re s c e n t lig h t*  
As th e  vapour d e n s ity  was increased  th e  f lu o re s c e n t l i g h t  expanded 
to  f i l l  th e  flu o rescen ce  v e s s e l;  t h i s  c o n d itio n  became known as  volume 
flu o reso en o e . The e f f e c t  i s  due to  tra p p in g  or imprisonment o f  
r a d ia t io n ;  photons a re  em itted  and reabsorbed many tim es b e fo re  leav ­
ing  th e  v e s s e l ,  e x c it in g  th o se  atoms ly in g  o u ts id e  th e  in c id e n t cone*
As th e  vapour d e n s ity  was fu r th e r  in c re a se d , th e  r a d ia t io n  was event­
u a l ly  oonfined to  a shallow  la y e r  a t  th e  p o in t where th e  in o ld e n t 
r a d ia t io n  en tered  th e  flu o rescen ce  v e s s e l .  This was su rfa ce  f lu o re s ­
cence. A ll Of th e se  phases o f r a d ia t io n  d if fu s io n  nay be observed
1
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w ith  e i th e r  o r bo th  o f th e  D l in e s .
S e n s itiz ed  F luorescence .
Let us co n sider a m ixture o f  atoms in  vapour phase in  which 
th e  atoms may e x is t  in  e x c ited  s t a t e s  ly in g  w ith in  a sm all energy gap 
£V/ o f  each o th e r .  I f  th e  m ixture  i s  i r r a d ia te d  w ith  l ig h t  o f  a wave­
le n g th  s u i ta b le  fo r  th e  e x c i ta t io n  o f  th e  atom w ith  th e  h ig h e r energy 
le v e l ,  th en  th e  f lu o re s c e n t  l i g h t  may co n ta in  components due to  th e  
normal decay o f  bo th  atom ic sp e c ie s . This r e r a d ia t io n  o f  a  w avelength 
d i f f e r e n t  from th a t  in  th e  e x c it in g  beam i s  c a lle d  s e n s it iz e d  
f lu o re sc e n c e .
This e f f e c t  i s  due to  i n e l a s t i c  c o l l i s io n s  between th e  two 
atom ic sp ec ie s  du ring  which r a d ia t io n le s s  energy t r a n s f e r  ta k e s  p la c e .
The energy d e fe c t  appears as  increased  r e l a t iv e  k in e t ic  energy between 
th e  o o ll id in g  atom s. The e f f e c t  was v e r if ie d  by O ario and Franck (1922) 
in  t h e i r  experim ents w ith  a  m ixture o f  mercury and th a lliu m  vapours .
The c o l l i s io n s  o f  th e  second kind a re  defined  accord ing  to  F ran c k 's  
ex ten s io n  o f  th e  te rm inology  o f  K lein  and Rosseland to  in c lu d e  n o t Only th e  
c o l l i s io n s  o f  ex c ited  atoms w ith  slow e le c tro n s  to  produce d eex c ited  
atoms and f a s t  e le c tro n s ,  b u t a lso  c o l l i s io n s  between e x c ited  atoms and 
atoms in  th e  ground s t a t e .  C o llis io n s  o f  th e  f i r s t  kind a re  c o l l i s io n s  
between ground s t a t e  atoms and f a s t  e le c tro n s  which g ive r i s e  to  slow 
e le c tro n s  and ex c ited  atoms or io n s .
K in e tic  energy can a lso  b rid g e  th e  gap between lower and h ig h e r 
s ta t e s  when th e  atom ic m ix ture  i s  i r r a d ia te d  w ith  l ig h t  which w i l l  
e x c ite  th e  atoms p o sse ss in g  th e  lower ex c ited  s t a t e .  Thus c o l l i s io n s  
o f  th e  second kind may cause r a d ia t io n le s s  energy t r a n s f e r s  between 
atoms w ith  energy l e v e l s  which a re  w ith in  th e  mean therm al k in e t ic
Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
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energy, (kT), of one another.
T his arguement can be r e a d ily  extended to  a to a s  o f  a s in g le  
kind w ith  two resonance le v e ls ,  such as th o se  o f th e  a lk a l i  m etals*
The energy t r a n s f e r  in  a c o l l i s io n  between a potassium  atom in  a  r e s -  
onanoe s t a t e  and one in  th e  ground s ta t e  can be rep resen ted  by
K ( ^ i / p )  ♦ K ( 42s i / 2 } + *KE + K ( ^ V 2) .
In e la e t io  c o l l i s io n s  between two atoms a re  most e f f i c i e n t  when th e
le a s t  energy i s  converted in to  k in e t ic  energy, o r v ice  v e rs a .(J *  Pranok,
1929)« B eu tle r  and Josephy ( I 929 ) f i r s t  succeeded in  dem onstrating
t h i s  p r in o ip le  by experim ents w ith  th e  s e n s it iz e d  flu o rescen ce  in  sodium
vapour* They explained i t  on th e  baBiB o f a quantum m echanical
resonance between th e  two s ta te s*
C o llis io n s  between a l k s l i  atoms and in e r t  gas atoms may a lso
produce s e n s it iz e d  flu o rescen ce  as rep resen ted  by th e  fo llow ing
ex p ress io n  Invo lv ing  potassium  and argon .
K (42p?/ 2) ♦ A + A ( XS0) ♦ AKE
S e n s itiz ed  flu o rescen ce  may be used to  determ ine th e  t o t a l
c ro ss  se o tlo n s  fo r  in e la s t i c  c o l l i s io n s  in  a lk a l i  m etal vapours and in
m ix tu res o f  a lk a l i  m e ta ls  and in e r t  g a se s . These c ro ss  s e c tio n s  may be
regarded as  c r i t e r i a  o f  th e  e f f ic ie n c y  o f  th e  energy tra n s fe r*  The
a lk a l i  m e ta ls  lend them selves to  th e se  s tu d ie s  s in ce  th e re  a re  no energy
le v e ls  ly in g  c lo se  to  th e  resonance le v e ls ,  which would in te r f e r e  w ith
th e  energy tra n s fe r*  The energy gap between th e  resonance s t a t e s  i s
r e l a t iv e ly  sm all (57  cm-1  fo r  potassium ) and energy t r a n s f e r s j  in
p r in c ip le ,  ta k e  p lace  even a t  room tem p era tu re .
The imprisonment o f  r a d ia t io n  p re se n ts  a most d i f f i c u l t  o b s ta c le
to  th e  study o f in e la s t i c  c o l l i s io n s  in  th e se  systems* As th e  vapour
Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
d e n s ity  o f  potassium  in c re a s e s , a photon may be absorbed and reera itted  
many tim es b e fo re  i t  leav es  th e  vapour and i s  de tec ted*  T his causes an 
a r t i f i c i a l  in c re a se  in  th e  l i f e t im e s  o f th e  ex c ited  s ta te s*  There 
have been sev e ra l a ttem p ts  a t  th e o r e t ic a l  compensation fo r  th e se  
d if fu s io n  e f f e c t s ,  n o tab ly  th ose  o f  Compton (1925) who a ttack ed  th e  
problem in  analogy to  m olecular d iffu s io n ,e n d  Milne (1026) who fu r th e r  
developed Compton's approach . H o ls te in  (19**7) tre a te d  r a d ia t io n  im­
prisonm ent in  term s of* th e  p ro b a b i l i ty  th a t  a photon would be absorbed 
w hile  t r a v e r s in g  a known th ic k n e ss  o f  g as , B arra t (1959) o a rrie d  out 
ex ten s iv e  th e o r e t ic a l  and experim ental in v e s t ig a tio n s  o f  d if fu s io n  o f  
mercury resonance r a d ia t io n .  H o ls te in 's  th eo ry  was adapted by Hofftnann 
and Seiw ert (1961) who used i t  to  compensate fo r  r a d ia t io n  d if fu s io n  
in  potassium  system s.
None o f  th e se  th e o r ie s  lend them selves p a r t i c u la r ly  w ell to  
th e  c o rre c tio n  o f  experim ental da ta  fo r  th e  e f f e c t s  o f r a d ia t io n  im­
prisonm ent w ith o u t n e c e s s i ta t in g  v a rio u s  assum ptions about th e  geometry 
o f  th e  flu o rescen ce  c e l l .  I t  i s  th e re fo re  th e  purpose o f  t h i s  in ves­
t ig a t io n  to  observe s e n s itiz e d  flu o rescen ce  in  potassium  a t  vapour 
d e n s i t ie s  a t  which d if f u s io n  of r a d ia t io n  becomes in s ig n i f ic e n t .  In 
t h i s  way, i t  should be p o ss ib le  to  e lim in a te  th e  need fo r  th e o r e t ic a l  
c o rre c t io n s  and to  o b ta in  t ru e  c ro ss  s e c tio n s  fo r  c o l l i s io n s  o f  th e  
seoond k ind .
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I I  THEORETICAL
The r a te  o f  energy t r a n s f e r  in  atom ic c o l l is io n s  may be 
expressed s t a t i s t i c a l l y  as a fu n c tio n  o f th e  r e la t iv e  k in e tio  energy 
o f  th e  im pacting atom s. This t r a n s f e r  r a te  i s  th e  t o t a l  c ro ss  
se c tio n  fo r  an in te r a c t io n  a t  a s p e c if ic  tem pera tu re  and may be 
defined  in  th e  fo llow ing  manner:
Q(T) -  I q(E) f T(E)dE , ( 1 )
' o
where E ie  th e  r e l a t iv e  k in e t ic  energy o f  th e  c o ll id in g  atom* and 
q(E) i s  th e  c ro ss  s e c tio n  fo r  a c o l l i s io n  between two atoms whose 
r e l a t iv e  k in e t ic  energy l i e s  between E and E +  dE, f,p(E)dE ia  th e
p ro b a b il i ty  th a t  a t  a tem peratu re  T th e  k in e t ic  energy o f  th e  r e l a t iv e
m otion o f  th e  c o ll id in g  atoms w i l l  l i e  between E and E +• dE, defined  
in  Maxwell -  Boltzmann s t a t i s t i c s  a s :
f T(E)dE =  ^ E _ _  . exp -  (E/kT) dE . (2)
T /fr(wry/2
The c o l l i s io n  number, Z(T), th e  average number o f  c o l l i s io n s  
per atom per seoond which r e s u l t  in  energy t r a n s f e r ,  i s  d e fin ed  a s :
____  s '*3
2(T) = N \Zi7iT (q (E ) / F f T(E)dE , (5)
Jo
where M i s  th e  reduced m ass, N i s  th e  atom ic d e n s ity  o f  ground s ta t e  
atomB in  atoms / c c ,  which approxim ately  equals  th e  o v e ra ll  d e n s i ty .
Since Q(T) and Z(T) vary  s im ila r ly  w ith  T as  q(E) does w ith  
k in e t ic  energy , equ atio n s  ( 1 ) and ( 3 ) may be combined to  g iv e ,
s u b e t i tu t in g  E = W J 2 i n ( 5 ) ,
Q (T )  =  Z ( T )  ,  ^  ,h)
NVv '
Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
6where Vr  i s  th e  average r e l a t iv e  v e lo c i ty  o f  th e  o o llid in g  a to n a l 
Vr ~ / 8kT '
V i r  m
The o o l l i s io n  numbers Z(T) a re  obtained  d i r e c t ly  from 
experim ental d a ta  and, u s in g  eq u atio n  (A ), th ey  in  tu rn  y ie ld  th e  
oroae s e o tio n s .
I f  i t  i a  assumed th a t  th e  f lu o re so in g  vapour i s  being  
c o n tin u a lly  i r r a d ia te d  by one o f  th e  potassium  D l in e s  o f  c o n stan t 
in te n s i ty ,  th e n  th e  sample e x is t s  in  a s ta t e  o f  dynamic e q u ilib riu m  
in  which th e  r a t e  o f  d e e x c ita t io n  o f  any atom ic s ta te  i a  j u s t  equal 
to  i t s  r a t e  o f  form ation* Then th e  methods o f  re a o tio n  k in e t ic s  may 
be employed to  d e sc rib e  t h i s  s te a d y -s ta te  c o n d itio n .
L et u s  co n sider f i r s t  t h a t  th e  sample i s  being  i r r a d ia te d  by th e  
7699^ l in e  o f  potassium  ( A 2P l / 2  — 2®l/ 2  ^  a0sume<* Por
th e  moment t h a t  th e re  i s  no r a d ia t io n  d if f u s io n  ta k in g  plaoe*
Under th e s e  c o n d itio n s  th e  p rooesses e x is t in g  fo r  th e  e x c i ta t io n  and
2
d e e x c ita t io n  o f  th e  pi / g  le v e l  may be rep re sen ted  by th e  fo llow ing  
r e la t io n s !
2^ l/2  * *b . 2pl /2 excita tion (5)
2 2 
*1/2 t  Sl /2 V
2 2 
Pj/2 + Sq/2 c o llis io n (6)
2_ 2 n 
P5/2 + Sl /2 k2 * 2pl /2  4 2 S1 /2 c o ll is io n (7)
2 _
l /2 S l/2  4 h f| decay (8)
2p^/2 kA »
2
Sl/2  4 h ^ decay (9)
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7In  th e se  e q u a tio n s , Icq -  kg re p re se n t th e  r a te s  o f  th e  
t r a n s i t i o n s .  These r e la t io n s h ip s  a re  more uB efu lly  de fin ed  in  term s 
o f  th e  in s ta n tan e o u s  d e n s ity  o f  atoms in  each o f  th e  th re e  p o s s ib le  
atom ic s t a t e s .  A ccordingly , l e t
This a llow s eq u atio n s  (5) -  (11) to  be re w r i t te n  in  term s o f  th e  
numbers o f  atoms in  each s t a t e ,  whose in s tan tan eo u s  d e n s i t i e s  depend 
on sev e ra l competing p ro c e sse s .
Equation (5) re p re se n ts  e x c i ta t io n  by in c id e n t r a d ia t io n .  
Equations (6) and (7 ) d e sc r ib e  c o l l i s io n s  o f  th e  second k ind , w h ile  
(8 )» (9 )* ( 10) , ( 11) re p re se n t normal decay and quenching o f  th e  exo ited  
s ta t e s  a g a in s t  th e  c e l l  w alls*  The r a te  c o n s ta n ts  k j  and a re  
equal to  th e  re c ip ro c a l o f  th e  mean l i f e t im e  o f  th e  o f  th e  exo ited  
s ta t e  in v o lv ed . Since th e s e  l i f e t im e s  T j  and ^  a re  approxim ately  
eq u a l, k^ =  k ^ =  I /O '• S im ila r ly , th e  f i r s t  o rd e r quenching
The r a te  c o n s ta n t kg i s  equal to  th e  quantum y i e l d ^  in  atoms 
ex c ited  per E in s te in  m u ltip lie d  by th e  absorbed In c id e n t r a d ia t io n
Under s teady  -  s t a t e  c o n d itio n s , th e  mass a c tio n  law y ie ld s  
th e  fo llow ing  eq u a tio n s:
*r n n n n n n n 
w0
N| d e n s ity  o f  atoms in
it it n n it ti n
Pl /2  a^ 'e^ 9 
P, /_ s ta t e
s ta t e
te rm in a tio n  r a te  o o n s tan ts
I  For th e  sake o f  b re v i ty  s e t  1 =  S .a b s . 1 a b s . 1
( 12)
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Nq 1b very  la rg e  w ith  re sp e c t to  and N2 and may be considered 
c o n s ta n t•
Set k^NQ =  Z^and Z^. Equations (12) and ( l j )  beoorae:
0 = 8 ! -  ZjNj 4 Z2N2 -  ( l /y * * ) !^  (14)
0  =  E j N j  -  z#2 -  ( i ^ J ) n 2  ( 1 5 )
which Im m ediately g ives 
N,+N9
S. = as  expected fo r  f i r s t  o rd e r te rm in a l re ac tio n s*
* IATt O
I f  th e  7665k  l in e  is  made in c id e n t on th e  sample* two more equ atio n s  
may be ob tained  in  a manner s im ila r  to  th a t  used to  o b ta in  (14) and (15)j 
0 =  S2 + ZjNj -  Z2N2 -  (1 /T t X )N2 (16)
0 =  -  z ^  t  z 2n2 -  (I/O' + K )Nj . ( 17)
Prom eq u a tio n s  (15) and (17)
Z1 J i / y +  * ) N2 _  ^  <10)
22 -1  ( l / * 4  J ) Nj 2
Z2 = ( l / y +  8 ) N,
* , - 1  d m  » ) -  1 ( I9 )
I f  th e  quenching r a te  i s  n e g lig ib ly  sm all compared w ith  th e  normal 
decay r a te  \ / V  , then
V o  -  Io = ( 1 / ^ )  N0 .
( i f  (T /7 T "» 7
^ !  i s  s im ila r ly  defined* Solving (18) and (19) fo r  and Z^t
Z1 =  I t  \  ( 20)
3 * ^ 2  V
Z2 = 1 +*?2 • (21)
- V 2 )
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9Experim ental d a ta  a re  ob tained  in  th e  form o f  in te n s i ty  r a t io s  
and w hich, u s in g  equ atio n s  ( 20) and ( 21) ,  g ive th e  c o l l i s io n  
numbers Zj and Z2 . The c o l l i s io n  numbers, in s e r te d  in  eq u a tio n  (4 ) ,  
y ie ld  th e  req u ired  c ro ss  s e o tio n s .
The te rm in a tio n  c o n s tan t (1 /0 - + 8 ) c r i t i c a l l y  a f f e c t s  th e  
e v a lu a tio n  o f  c ro ss  s e o tio n s . I f  an e f f e c t iv e  o r ex p erim en ta lly  
observed l i f e t im e  i s  d e fin ed  a s  Or where 1 =■ ( l / 'J 'n  ♦ 8 )
E Ofc “
( 'O'jj i s  th e  l i f e t im e  o f  th e  ex o ited  s t a t s  as observed under 
c o n d itio n s  o f  r a d ia t io n  d if f u s io n  ) th e m
3-e = .?»  <“ )
1 ♦
Prom (22) i t  i s  obvious t h a t  in  o rd e r to  observe a " tru e "  l i f e t im e  
and th e re fo re  a c o rre o t c o l l i s io n  number, th e  quenohlng r a te  must be 
zero o r  a t  l e a s t  v a n ish in g ly  sm all.
Then J7e =  0"D (25)
Equation (25) in d ic a te s  t h a t  r a d ia t io n  d if f u s io n  must be ab sen t fo r  
t o  be th e  t r u e  l i f e t im e .  These a re  th e  two m ajor assum ptions 
which a f f e o t  th e  v a l id i ty  o f  eq u a tio n s  (4 ) ,  ( 20) and ( 21) j th e re  must
be no quenching o r d i f f u s io n  o f  r a d ia t io n .  Quenohlng te n d s  to  d ecrease
th e  ap p aren t l i f e t im e ,  a l t e r in g  th e  c o l l i s io n  numbers and c ro ss  
s e o tio n s . In  a d d i t i o n , i f  r a d ia t io n  i s  im prisoned, 3 *^  no longer equals
3 *2» ®in c® ‘fche a b so rp tio n  c o e f f ic ie n t  fo r  th e  166’o'k l in e  i s  tw ice
t h a t  fo r  th e  7699^ l in e .
I f  eq u a tio n  (4) i s  reduced to  a fu n c tio n  o f tem p era tu re  and 
p re ssu re  by th e  in tro d u c tio n  o f  a p p ro p ria te  conversion  fa o to r s ,
Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
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th e  eq uation
Q(T) «  5 .15 2(T) v /T 'x  10~2? (24)
P(Torr)
h o ld s  fo r  potassium  -  potassium  c o l l is io n s #  This r e la t io n  i s  v i r t u a l ­
ly  unchanged fo r  potassium  -  argon c o l l i s io n s  sinoe th e  atom ic masses 
o f  potassium  and argon a re  very  n e a r ly  equalt 59 .1  and 59*9 u n i t s  
r e s p e c tiv e ly .
For Q(T) to  rem ain f i n i t e ,  i t  i s  requ ired  th a t  y /7 2 (T )  go to  
aero more ra p id ly  th en  th e  p re s su re . However, be fo re  th e  q u e s tio n  o f  
w hether o r  n e t  Q(T) rem ains f i n i t e  a r i s e s ,  th e  concept o f  p re ssu re  a s  
s thermodynamic e f f e c t  becomes m ean ing less. Moreover s in ce  i t  h ss  been 
p rev io u s ly  p o s tu la ted  th a t  Q(T) and Z(T) vary  s im ila r ly  w ith  T as  does 
Q(T) w ith  (E) in  o rd e r to  e s ta b l is h  th e  approxim ation to  Q(T) g iven  
a s  eq u a tio n  ( 4 ) ,  th e re  i s  th e  im plied r e s t r i c t i o n  th a t  th e re  must be 
a s t a t i s t i c a l  a r ra y  o f  atoms in  th e  sample under c o n s id e ra tio n . This 
r e s t r i c t i o n  a s  w e ll a s  th e  r e s t r i c t i o n  on Z(T) w ith  regard  to  quench­
ing  and r a d ia t io n  im prisonm ent, s e ts  th e  l im i ts  o f  th e  v a l id i ty  o f  
equations (4 ) and (2 4 ) . This eq u atio n  a p p lie s  s t r i c t l y  a t  p re ssu re s  
below th o se  req u ired  fo r  r a d ia t io n  imprisonment and y e t h ig h  enough 
to  m ain ta in  an atom ic d e n s ity  to  which Maxwell -  Boltzmann s t a t i s t i c s  
may be ap p lied  and in  th e  absence o f  quenching.
The p o in t s t  which red lo tion  imprisonment beg ins i s  r e l a t iv e ly  
easy to  fin d  from p lo ts  o f  t o t a l  f lu o re so e n t in te n s i ty .  However, th e  
lower l im i t  o f  v a l id i ty  i s  n o t so obvious.
I t  can be seen from eq u atio n s  ( 20) and ( 21) t h a t  i f  th e
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th e o r e t ic a l  s t a t i s t i c a l  population  r a t io s  are ever a tta in e d , ( fo r
th e  c o l l i s io n  cross s e c t io n s  go to  i n f in i t y .  This i s  due to  th e  
e f f e c t s  o f  ra d ia tio n  d if fu s io n  which i s  required for th e  e s tab lish m en t 
o f  th e se  r a t i o s .  Energy ia  transferee! from one le v e l to  th e  o th e r 
a t  r a te s  which become in d eterm in ate .
The above sta tem en t does n o t c o n tra d ic t  th e  c o n ten tio n  th a t  
r a d ia t io n  d if fu s io n  in c re a se s  th e  apparent l i f e t im e s  and d ec rea se s  
th e  corresponding  c ro ss  s e c tio n s . In  t h i s  case , O 'in  eq u a tio n s  (2 0 ) , 
and ( 21 ) ia  a  co n stan t which i s  th e  mean l i f e t im e  o f an is o la te d  atom. 
When ra d ia t io n  d if f u s io n  s e ts  in , th e  in c rease  in  th e  ap p aren t l i f e ­
tim es i s  f e l t  as a s h i f t  in  th e  va lu es  in  th e  r a t io s  ^ s i n c e  
i t  was assumed th a t  th e  l i f e t im e  O 'was a co n stan t in  th e  eq u atio n s  fo r
I f  we wished to  find  th e  r e a l  v a lu es  fo r  Z(T) when r a d ia t io n  i s
Im prisoned, i t  must be assumed th a t  O' i s  a v a r ia b le  wnlch in c re a se s  
roughly  a t  th e  same r a te  rb  th e  r a t i o  1 + 'V.
This procedure would, in  p r in c ip le ,  y ie ld  r e a l ,  f i n i t e  c ro ss  se c tio n s  
a t  th e se  atom ic d e n s i t i e s .  In  p r a c t ic e ,  however, th e  r e la t io n  o f  ex­
perim en ta l d a ta  to  th e o ry  would lead to  p re c is e ly  th e  assum ptions 
and approxim ations which we a re  try in g  to  avoid by working in  th e  
absence o f  r a d ia t io n  im prisonm ent.
0 .5  ) then  th e  c o l l i s io n  numbers and hence
Z(T) .
V ?  2 o r  1 - t l  o r 2
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I l l  EXPERIMENTAL
A The A pparatus.
The arrangem ent o f  th e  experim en tal ap p ara tu s  i s  i l l u s t r a t e d  
in  f ig u re  ( 1 ) .  An a l k a l i  vapour lamp was used as  a  source o f  th e  
potassium  resonance d o u b le t. The l i g h t  from t h i s  source passed in to  
a  g ra tin g  monochromator which served to  sep a ra te  th e  components o f  th e  
doublet* Monochromatic l i g h t  was th e n  brought to  a  focus In  a  f lu o re s ­
cence c e l l  con tained  in  an e l e c t r i c  fu rn ac e . An ev acua tion  and f i l l i n g  
system was provided to  evacuate  th e  flu o rescen ce  c e l l  and to  adm it to  
i t  c o n tro lle d  q u a n t i t ie s  o f  i n e r t  g a se s . The f lu o re s c e n t l i g h t  em itted  
by th e  potassium  atoms in  th e  c e l l  was analyzed and reoorded by a  
reoo rd ing  spectrom eter*  The a p p a ra tu s  shown in  f ig u re  (1) in o lu d es
th e fo llow ing  components:
A L igh t source
B Monochromator
L1 f / l *0 le n s  o f  fo c a l le n g th  5»5 cm
L2 f / 2*9 le n s  o f  fo c a l le n g th  26 cm
0 Pluoreaeence c e l l  in  oven
b
f / l * l l  le n s  o f  fo c a l le n g th  10 cm
D Spectrom eter
E P h o to m u ltip lie r  in  c ry o s ta t
P E lec tro m ete r
0 S tr ip  re c o rd e r
12
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f ig u r e  (2 ) The Radio Frequency Lamp
f ig u re  (1 ) The Arrangement o f th e  Apparatus
i—*
1 The L igh t Source.
The Id ea l source o f resonance ra d ia t io n  fo r  th e  purpose o f
t h i s  in v e s t ig a t io n  would he one w ith  a s tead y , h igh in te n s i ty ,  no s e l f -
re v e rsa l  and w ith  as  narrow a l in e  w id th  as possib le .
Commercial potassium  vapour lamps, manufactured by Osram,
were a t  f i r s t  used as  l ig h t  so u rces . These lamps have th e  advantage
o f  extreme s im p lic ity  o f  o p e ra tio n  and com pactness. However, th ey
em it low in te n s i ty  in  th e  potassium  0 l in e s  and e x h ib it  co n sid e rab le
o
l in e  broadening and s e l f - r e v e r s a l .  I t  was a lso  found th a t  th e  7665k 
component o f  th e  resonance do u b le t f lu c tu a te d  by 10 -  12% in  a 
s in u so id a l manner w ith  a period  o f  f iv e  m inu tes. A ll a ttem p ts  to  
e lim in a te  t h i s  e f fe o t  by a l te r in g  th e  therm al environm ent or e l e c t r i o a l  
c h a r a c te r i s t ic s  o f  th e  lamp were u n su cc e ss fu l.
In  an a ttem p t to  in o rease  t o t a l  in te n s i ty  and to  e lim in a te  th e
. ,  o
f lu c tu a t io n  o f  th e  7o65A l in e ,  a m odified v e rs io n  o f th e  ra d io  frequency
source deso ribed  by Gerard (1961) was c o n s tru c te d . Although th e
in te n s i ty  o f  t h i s  source was about 20 tim es t h a t  o f  th e  Osram lamps,
th e  f lu c tu a t io n  o f  th e  7665% component was e x ac tly  th e  same.
A s e r ie s  o f  experim ents w ith  bo th  ty p es  o f  lamp In d io a ted  th a t
th e  in te n s i ty  f lu c tu a t io n  was due to  v a r ia t io n s  in  th e  wings o f  th e
l in e , no such f lu c tu a t io n  appears in  th e  f lu o re sc e n t l ig h t  em itted
by a sample o f  potassium  ir r a d ia te d  w ith  l ig h t  from e i th e r  so u rce . This
0
might e x p la in  why only th e  7665k v a ried  s in ce  i t  has th e  more e la b o ra te  
h y p e rfin e  s t ru c tu re  o f  th e  two m u lt ip le t  l in e s .
In  a d d it io n , th e  t o t a l  f lu o re s c e n t i n t e n s i t i e s  produced by b o th
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lamps a t  v a rio u s  atom ic d e n s i t ie s  in d ica ted  th a t  th e  l in e s  produced 
by th e  Osram lamp were b roader and more s e l f  -  reversed  th an  th e  l in e s  
produoed by th e  rad io  frequency eource.
The RF lamp i t s e l f  i s  shown in  f ig  ( 2 ) .  I t  i s  made o f  pyrex 
g la s s  and oontalned about 0 .5  gm o f potassium  which had been d i s t i l l e d  
fou r tim es under vacuum to  p u r ify  i t .  About 2 .0  Torr o f  commercial 
grade argon was a lso  adm itted to  th e  lamp to  c a rry  th e  RF d isch a rg e  
u n t i l  th e  potassium  was vapourized . S o f t, a lk a l i  r e s i s t a n t  g la s se s  
were used to  l im i t  th e  c o rro s iv e  a c tio n  o f  th e  h o t potassium  vapour 
on th e  lamp, bu t proved unable to  r e s i s t  th e  therm al shocks o f lamp 
o p e ra tio n .
The base o f  th e  lamp was mounted in  a b lock  o f  a sb e s to s  con­
ta in in g  a r e s is ta n c e  w ire  h e a te r  to  c o n tro l th e  potassium  vapour 
p re s su re . An 18 -  tu rn  RF c o i l  surrounded th e  body o f  th e  lamp.
The c o i l  was p a r t  o f  th e  ta n k  c i r c u i t  o f  a rad io  frequency power 
o s o i l l a to r .  When th e  ta n k  c i r c u i t  i s  p ro p erly  tuned , th e  lamp is  
heated to  about 500*0 by d ie l e c t r i c  lo s se s  in  th e  g le e s .
The lamp o i r c u i t s  c o n s is t  o f  two p a r ts ;  th e  rad io  frequency 
o s c i l l a t o r , f i g  ( 5 ) , and th e  tem pera tu re  c o n tro l le r ,  f ig  (4 ) .
The RF o s c i l l a to r  i s  o f a push -  p u ll  type and i s  opera ted  in  
c la s s  0 , I t  i s  powered by a Lambda Regulated Power Supply Model 0 - 
482M. Since th e  feedback path  fo r  each h a l f  o f  th e  o i r c u i t  in v o lv es  a 
beam te tro d e  which in tro d u ces  a c o n s ta n t phase s h i f t  o f  180°, th e  
tan k  c i r c u i t  i s  th e  only frequency determ in ing  elem ent fo r  lower 
fre q u e n c ie s . Above 20moe in te r - e le c t ro d e  c a p a c it ie s  a ls o  a f f e c t  th e  
o p e ra tin g  frequency . Power to  th e  c o i l  i s  reg u la ted  by th e  10K
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p o ten tio m ete r in  th e  screen  g rid  o irc u it*  W ith th e  c i r c u i t  elem ents 
shown* th e  o s o i l l a to r  o p e ra te s  a t  55mcs d e liv e r in g  a p la te  c u rre n t 
o f  300ma a t  J25V.
The lamp has te e n  observed to  o p e ra te  in  a t  l e a s t  fo u r modes* 
Only two o f  th e se  occur f re q u e n tly , and o f  th e se  only  one mode i s  
o f  any u se  fo r  th e  g e n e ra tio n  o f  resonance ra d ia tio n *  The u s e fu l mode 
i s  a sk in  d isc h a rg e , where most o f  th e  l ig h t  comes from th e  vapour in  
a  th in  la y e r  c lo se  to  th e  w a ll o f  th e  lamp. Only t h i s  d isch a rg e  i s  
c h a rac te riz ed  by d ie le c t r io  h ea tin g  o f  th e  lamp and em ission  o f  D 
lin e s*  I f  th e  c o i l  i s  p ro p e rly  tuned w ith  th e  a id  o f  a  ceram ic 
padder c a p a c ito r ,  t h i s  d isch a rg e  can be produced w ith  a p la te  c u rre n t 
o f  280ma a t  J25V and ft t o t a l  screen  c u rre n t o f  15 -  20ma,
I f  th e  p la te  c u rre n t i s  decreased  to  about 240ma,a d is c o n t in ­
uous drop in  c u rre n t oocurs a s  th e  plasma s h i f t s  to  th e  a x is  o f  th e  
lamp. O bservation  o f f lu o re sc e n t l i g h t  from a sample o f  potassium  
vapour i r r a d ia te d  by th e  lamp d u ring  such a  mode s h i f t  showed a  com­
p le te  c e s s a tio n  o f  f lu o resce n c e  w hich in d ic a te s  alm ost t o t a l  s e l f  
re v e rs a l  in  th e  l i g h t  em itted  in  t h i s  type  o f  d ischarge*  The v is u a l 
l i g h t  in te n s i ty  i s  v i r t u a l ly  unchanged du ring  t h i s  process*
The in te n s i ty  o f  th e  l ig h t  from th e  RF source depends c r i t ­
i c a l l y  on th e  d e n s ity  o f  th e  potassium  vapour as  does th e  degree o f 
broadening and s e l f - r e v e r s a l  in  th e  D lin e s*  The atom ic d e n s i ty  i s  
c o n tro lle d  by th e  tem pera tu re  o f  th e  re s e rv o ir  o f  liq u id  potassium  in  
th e  base o f  th e  lamp. A h e a te r  c o n tr o l le r  u s in g  a G.E.DIOJ th e rm is to r  
a s  ft sensing  elem ent de term ines th e  tem peratu re  o f  th e  lamp base ftnd 
th e re fo re  th e  above l i s t e d  lamp c h a r a c te r i s t i c s .
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The h e a te r  i t s e l f  was made o f  about 2 ohma o f #28 Ohromel A 
h ea tin g  w ire  buried  in  th e  a sb es to s  b lock  supporting  th e  lamp* Sinoe 
th e  feedback pa th  i s  e s s e n t ia l ly  th e rm a l, th e  th e rm is to r  must be plaoed 
p ro p e rly  w ith  re sp e c t to  th e  h e a te r  fo r  c r i t i o a l  damping. O therw ise 
th e  o i r e u i t  may hunt o r o s c i l l a t e ,  causing in te n s i ty  f lu c tu a t io n s .
The c i r c u i t  i s  in h e re n tly  s ta b le  from th e  p o in t o f  view o f  h e a t o u tp u t. 
V oltage f lu c tu a t io n s  do no t a f f e c t  i t  provided th a t  th ey  a re  n o t la rg e  
enough to  d r iv e  th e  v o ltag e  a c ro ss  th e  h e a te r  beyond th e  c o n tro lle d  
range . I f  th e se  surges a re  n o t a problem , th e  v o ltag e  re g u la to r  i s  
n o t im portan t except t h a t  i t  a llow s adjustm ent o f  th e  maximum c u rre n t 
a v a ila b le  to  th e  h e a te r  and a c ts  as  a c u rre n t l im i t e r .
W ith th e  c i r c u i t  elem ents shown in  f ig  (4) th e  c o n tr o l le r  
supp lied  o u rre n ts  from 0 .55  amp to  1.45 amp to  a 2 .0  ohm load which 
corresponded to  a maximum continuous power o f  7*0 W atts . Imm ediately 
a f t e r  sw itch ing  on from a cold condition^ th e  supply provided an 
u n co n tro lled  c u rre n t o f  1 .7 0  amp u n t i l  d isch a rg e  was e s ta b lish e d
Varying th e  tem peratu re  o f  th e  lamp produced sharp changes in  
l in e  w id th  and degree o f s e l f - r e v e r s a l .  This e f fe o t  proved to  be an 
advantage s in c e , a s  th e  d e n s ity  o f  potassium  vapour in  th e  flu o rescen ce  
o e l l  in c re a se d , th e  sample accepted progressively broader l i n e s .  
In c reas in g  th e  w id th  o f th e  in c id e n t l in e s  by means o f  lamp tem peratu re  
helped to  m ain ta in  a  h igh  in te n s i ty  in  th e  f lu o re sc e n t l i g h t .
Two s id e  e f f e c t s  o f  lamp o p e ra tio n  a lso  deserve m ention. F i r s t  
a s  o th e r  w orkers have no ted , ( I .  H. Brockman 1965) , h o t potassium
vapour a t ta c k s  pyrex to  form an opaque, brown, w a te r-so lu b le  d e p o s i t , 
This d e p o s it  in te r f e r e s  w ith  lamp o p e ra tio n . However, th e  e f f e c t  was
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found to  be re v e rs ib le  upon in o reaa in g  th e  lamp tem p era tu re . O perating  
th e  lamp a t  p la te  c u rre n ts  in  excess o f  510 ma tends to  keep i t  r e l a t iv e ­
ly  f r e e  o f  th e se  d e p o s its .  (A. 0 . A. Rae 1965)
Secondly^ a t  a l l  o p e ra tin g  te m p e ra tu re s ,th e  co lo r o f  th e  RF 
d isch a rg e  i s  yellow , c h a r a c te r i s t i c  n o t o f  potassium  b u t o f  sodium. 
N eilsen  and W right (19J0) have found from sp ec tro sco p ic  o b se rv a tio n s  
t h a t  t h i s  c o lo ra tio n  i s  due t o  sodium im p u ritie s  and p a r t ly  to  th e  
enhancement o f  c e r ta in  yellow  argon l in e s  a t  tem pera tu res  above 2 5 0 *0 .
2 The Monochromator.
A Baush & Lomb g ra tin g  monochromator was used fo r  th e  re s o l­
u t io n  o f  th e  potassium  D l in e s  in  th e  in c id e n t l i g h t .  This in s tru m en t, 
which has a  fo c a l len g th  o f 500  mra, a d isp e rs io n  o f  16 X/mm and an 
a p e r tu re  o f  f / 4 , 4 ,  co n ta in s  a 1200 l in e  /mm g ra tin g  blazed a t  7500 A.
W ith s l i t  w id ths o f  1 .50 mm, a  s p e c tra l  p u r i ty  o f  one p a r t  in  2000 was 
o b ta in ed . Measurements made a t  s e v e ra l s l i t  w id ths in d ic a te d  th a t  th e  
tra n sm itte d  in te n s i ty  v a ried  l in e a r ly  w ith  Blit w id th . The value  o f  
1 .5 0  mm was chosen to  in su re  optimum s p e c tra l  p u r i ty  c o n s is te n t  w ith  
adequate in te n s i ty .
3 The F luorescence O ell and th e  Furnace*
The c o n s tru c tio n  o fth e  flu o rescen ce  c e l l  i s  shown in  f ig  (5 ).
The end and s id e  windows were made o f  pyrex f i l t e r  p la te  about 1 mm 
th ic k .  The s id e  window was s e t  in to  th e  c e l l  as c lo se  as  p o ss ib le  
to  th e  f ro n t  window to  reduce a b so rp tio n  o f  in c id e n t r a d ia t io n  befo re  
i t  could reach  th e  reg io n  under o b se rv a tio n . The s id e  arm ,w ith  a 
c o n s tr ic t io n  about 10 cm from th e  c e l l ,  was made o f  s tandard  10 mm
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pyrex tu b in g . Both th© sid e  a m  and c a p i l la r y  tub© ware connected to  
th e  vacuum and f i l l i n g  system a t  th e  beginning  o f  each experim ent.
Before connecting  th e  s id e  a m  to  th e  vacuum system , a sm all 
pyrex cap su le , co n ta in in g  about 0 ,5  gm o f  potassium  to g e th e r  w ith  a 
s te e l  b reak e r in  a pyrex tu b e , was p laced  in  i t .  The b reaker, moved 
by means o f a m agnet,served to  c rack  th e  th in -w a lle d  capsu le  to  f r e e  
th e  po tassium , once a vacuum o f  2x10 ^ Torr o r b e t t e r  ob ta ined  in  th e  
c e l l .  The potassium  in  th e se  cap su le s  was 99»0> pure and was supp lied  
by A.D.Mackay I n c . ,  New York. I t  was vacuum d i s t i l l e d  fou r tim es 
th rough  a s e r ie s  o f  pyrex bu lbs and in to  th e  c ap su le s , which were 
sealed  o f f  under vacuum.
I t  has been found th a t  th e  re a c t io n  o f  Potassium  w ith  th e  pyrex i s  
enhanced by t r a c e  amounts o f  th e  m inera l o i l  in  which th e  potassium  
i s  s to re d . In  th e  presence o f  o i l ,  th e  g la s s  o f  th e  flu o rescen ce  
v e sse l may be deep ly  etched a t  r e l a t iv e ly  low tem pera tu res (1 50°0 ),
Because o f  t h i s ,  i t  i s  d e s i r ib le  to  wash th e  potassium  in  to lu e n e  o r 
benzene b e fo re  d i s t i l l i n g  i t  to  remove a l l  t r a c e s  o f  o i l .  I f  th e  sample
Oi s  c l e a n , i t  may be m aintained a t  200 0 fo r  10 hours o r more b e fo re  
browning becomes n o tic e a b le .
An a l k a l i  r e s i s t a n t  co a tin g  (Corning K -  C o at), c o n s is tin g  o f  
an aqueous s o lu tio n  o f potassium  f lu o r id e  d ih y d fa te  and b o ra c ic  a c id , 
was used in  an a ttem p t to  e lim in a te  browning a l to g e th e r .  A lthough 
t h i s  tre a tm e n t does seem to  l im i t  th e  browning, i t  i s  extrem ely 
d i f f i c u l t  to  ap p ly , i s  u s e le s s  above 500°C, and may be used on ly  once 
p er c e l l .  I t s  u se fu ln e s s  i s  o f f s e t  by th© d i f f i c u l t i e s  i t  in c u rs .
The oven re q u ire d  to  c o n tro l th e  d e n s ity  o f  po tassium  vapour in  
th e  flu o rescen ce  c e l l  was co n stru c ted  in  two s e c t io n s , th e  main and th©
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s id e  oven, a s  shown in  f ig s  (6) and (7 ) .  The main oven i s  a re c ta n g u la r  
t r a n a i t e  box d iv id ed  in to  th re e  sec tio n s*  The two sm alle r s e c tio n s  a t  
each end, f i l l e d  w ith  about 5 cm o f  a sb es to s  in s u la t io n ,  p rov ide  space 
fo r  power te rm in a ls  and h ea tin g  w ire  connections as  w e ll as  therm al 
in s u la t io n  o f  th e  en tran ce  and e x i t  windows.
A ll th re e  c e n tr a l  t r a n s i t s  d iv id e rs  a re  s p l i t  h o r iz o n ta l ly .  The 
to p  ha lv es  a re  b o lted  to  th e  l id  o f  th e  oven w hile  th e  bottom  h a lv es  
a re  in te g r a l  p a r ts  o f th e  oven s t r u c tu r e .  ThiB arrangem ent f a c i l i t a t e s  
th e  in s e r t io n  and removal o f  flu o rescen ce  c e l l s .  Both h a lv es  o f  th e  
oven a re  provided w ith  J2 ohms o f  #26 Ohromel A h ea tin g  w ire  s tru n g  
in  two banks o f seven le n g th s  along th e  a x is  o f each s e c t io n .
The en tran ce  and e x i t  windows a re  f i t t e d  w ith  aluminum s h u t te r s  
and cover p la te s  to  minim ize r e f le c t io n ,  and th e  in s id e  o f  th e  oven i s  
coated w ith  " Aquadag ", an aqueous c o l lo id a l  d is p e r s io n  o f  g ra p h ite .
The flu o rescen ce  c e l l  wes clamped in to  a  re c e s s  in  th e  c e n tr a l  
e ro ss  -  member by means o f  an aluminum s t r a p .  The s id e  -  a m  extended
through  a h o le  in  th e  back w all o f  th e  main oven in to  th e  s id e  oven.
The s id e  oven i s  co n stru c ted  o f two co ax ia l b ra s s  tu b es  
separa ted  by two an n u lar t r a n s i t e  p ie c e s . The space between th e  tu b es  
i s  f i l l e d  w ith  a sb e s to s  w ool. The sm alle r tu b e  p ro je c ts  1 .5  cm beyond 
th e  t r a n s i t e  p iece  a t  one end o f th e  oven and f i t s  snugly in to  th e  ho le  
in  th e  main oven th rough which p asses  th e  s id e  a m  o f  th e  c e l l .
The a ide  oven heater c o n s is t s  o f  a c o i l  o f about 20 ohms o f 
#26 Ohromel A h ea tin g  w ire  which i s  wound on th e  in su la te d  c e n tr a l
tu b e  and ex tends w e ll in to  th e  w e ll o f  th e  oven. Such an arrangem ent
ensu res th a t  a cold spo t does n o t occur between th e  ovens and th a t  a
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Entrance I \  I
Window , | *
MAIN OVEN
Window Uo<-
A ll dimensions in  oentim eters
f ig u re  (7) D e ta il  o f  th e  Oven C o n stru c tio n  -  P lan  View
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l in e a r  tem peratu re  g ra d ie n t ia  o a tab llnhed  along the  len g th  o f th e  aide 
oven. Thia raeane th a t  th e  end o f th e  aide arm, wherever i t  may be c u t, 
1b th e  c o o le s t spot in  th e  eystcra. The tem peratu re  o f th e  a ide arm, 
which is  measured w ith  a therm oeoup le jcon tro le  the  vapour p re ssu re  o f 
th e  potaeeium  and p rev en ts  condeneation on th e  c e l l  windows.
Chromel -  Alumel therm ocouples were cemented w ith  an aabea tos 
p a s te  to  th e  c e l l  near th e  f ro n t window and to  the  end o f th e  aide arm. 
The emf o f th e  therm ocouples, checked a g a in s t an NRC -  c a lib ra te d  
platinum  -  platinum  rhodium therm ocouple, wee read w ith  a Leeds and 
Northrup m i l l i v o l t  p o ten tiom eter (Cat, No. 8686) .  The tem pera tu re  o f  
th e  aide ovbn bo determ ined , was used in  the  c a lc u la tio n  o f  th e  p o ta ss ­
ium vapour p re ssu re  by means o f  th e  em p irica l formula evolved by 
D itchburn &. Gilmour (19*>l) 1
l ° g 10p(T orr) =  -  -  0..5 lo g ^ T  + 8 .795 . (25)
where T i s  in  degrees K elv in .
Thia formula appears to  be much more a cc u ra te  in  approxim ating exper­
im ental r e s u l t s  them th a t  o f  K il l ia n  (1926). Even so, th e  probable 
e r ro r  in  p re ssu re  over th e  experim ental range o f  tem p era tu res  i s  about 
20 >^, whioh re p re se n ts  th e  g re a te s t  s in g le  source o f  experim ental e r r o r .
The tem peratu re  o f  th e  main oven i s  no t a t  a l l  o r i t io a l ,p ro v id e d  
th a t  i t  i s  s u f f ic ie n t ly  above th e  a ide  oven tem peratu re  to  p reven t 
condensation  o f  potassium  in  th e  c e l l .
These ovens have th e  advantages o f  small s iz e ,  low therm al
c a p a c ity , and low power req u irem en ts . Tem peratures a re  qu iok ly  changed
oand may be held  to  w ith in  0 .2 5  0 wdthout c o n tro l or reproduced from 
c a l ib r a t io n  curves to  w ith in  1 .0 °0 . The h e a tin g  proceeds to  a la rg e
IliilllCDCITV AC UUIftinCflD i ir u a d y
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e x te n t by r a d ia t io n ;  co a tin g  th e  c e l l  w ith  " Aquadag " cu te  o f f  ra d ia -
o
t io n  to  th e  in s e t  s id e  window, dropping  i t s  tem pera tu re  by 5°  K or
more. The power requ irem en ts  a re  150 w a tts  fo r  th e  main oven and 40
o
w a tts  fo r  th e  s id e  oven, to  m ain ta in  a tem p era tu re  o f J00 0 . C urrent 
ia  supplied  Independently  to  th e  two ovens by means o f V ariac  a u to - 
tra n s fo rm e rs  which draw power from a Sorensen Is o tra n  model MVR H 1000 












f ig u re  ( 8 ) W iring o f  Oven C irc u i ts
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4 The Evacuating and F i l l in g  System.
The glasB system employed to  evacuste  th e  flu o rescen ce  c e l l  
and to  admit to  i t  c o n tro lle d  p re ssu re s  o f in e r t  g sses i s  shown in  f ig . 
( 9 ) .  The high  voeuum was produced by an Edwards Speedivao High Vacuum 
Pump Model 180508 f i t t e d  w ith  a 2A n o n -re tu rn  valve and a 0E0 M0F60 
O il D iffu sio n  Pump f i l l e d  w ith  Dow Corning 704 S ilico n e  pumping f lu i d .  
The d if fu s io n  pump was p ro tec ted  from coo ling  w ater f a i lu r e  by a 
F low tro l ty p e  FSM -  1.
P ressu re  in  th e  system was measured by means o f a CEO Io n iz a tio n  
Vacuum GaugejTypo GIC -  110, w ith  a VG -  1A gauge head ( in  th e  range
“5 - f t10 to  10 T orr) and by an I.KB Autovse Gauge Type J294B w ith  a P ir a n i
2gauge head ( in  th e  range 10 J to  10 T o rr) . For h igher p re ssu re  a
mercury manometer wss u sed , and an o i l  manometer w ith  s i l ic o n e  f lu id
(l.066gra/ral) was used between about 5 and 50 T orr, where th e  probable
e r ro r  in  th e  Autovac gauge and mercury manometer i s  very la rg e .
A B alze rs  m icrom otric need le  valve Type VN-8  was in s ta l le d  to
adm it in e r t  gases a t  c o n tro lle d  r a t e s .  The v slve  c o n tro ls  very  w ell
th e  r a te  o f  gas adm ittance bu t has th e  d isad v an tag e , t h a t  i t  cannot be
-'5com pletely  closed (Lower l im it  1x10 ' Torr l i t r e  /  sec ) .  This 
fe a tu re  makes i t  n ecessa ry  to  i s o la t e  th e  valve  a f t e r  ad m ittin g  a 
c e r ta in  amount o f  gas a t  low p re s su re s , or th e  p re ssu re  w i l l  r i s e  
c o n s ta n tly .
The stopcocks F end H connect tho  c a p i l la r y  tube and s id e  arm 
o f  th e  c e l l ,  r e s p e c tiv e ly , to  th e  system . A fte r evacuation  and th e
in tro d u c tio n  o f a sample o f m e ta l, th e  l in e  to  H i s  d isconnected  by 
s e a lin g  o f f  th e  s id e  arm of the  flu o rescen ce  tu b e . The volume o f  th a t




L Glass to  metal flange  
M D iffusion pump 
N Backing lin e  
0 Roughing lin e  
P Air admittance valve  
Q Mechanical pump with 
non-return valve
A To o i l  and Hg 
Manometers 
B To gas recovery 
system 
C VG-1A gauge head 
D Pirani gauge head 
F, Balzers needle valve  
K To c e l l(c a p il la r y  
tube)
G To in ert gas in  bulbs 
H To c e l l f s id e  arm)
J To in ert gas in  s t e e l  
tank
f ig u re  (9 ) The Vacuum and F i l l in g  System
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p e r t  o f  th o  system , which must c o n ta in  in e r t  g a s , i s  sm all ( 0 .2  l i t r e )
to  conserve th e  gases u sed .
The low est p re ssu re  o b ta in a b le , w ith  l iq u id  a i r  in  th e  cold
t r a p ,  was 4x10 T o rr. However, d u rin g  an a c tu a l  experim en tal run 
-61x10 Torr was considered  adequate .
5 The Recording S pec trom eter.
The spectrom eter i s  a m odified v e rs io n  o f  th e  P e rk in  -  Elmer 
Model 112 in strum en t in  which th e  prism  has been rep laced  by a Bausch
6  Lomb p lane re p l ic a  g ra t in g  w ith  1200 grooves /  ram and b lazed  a t  
7500X. The in strum en t has a re c ip ro c a l  d isp e rs io n  o f lJA/mm and an 
a p e r tu re  o f  f /4 .
An e x te rn a l  d e te c t io n  system was f i t t e d  to  th e  sp ec tro m ete r 
c o n s is tin g  o f  a m u l t ip l ie r  phototube housed in  a c ry o s ta t  a s  d esc rib ed  
by Krause and N ev ille  ( 1965) .  The photo tube i s  a 16 -  s tag e  ITT FW 118 
employing an S - l  (Ag-O-Cs) photocathode Jmm in  d iam eter w ith  a peak 
s e n s i t iv i ty  o f  0.0024 amperes per w a tt a t  8000A. The photo tube ou tpu t 
i s  fed in to  a V ic to reen  E lec trom eter a m p lif ie r  Model VTE -  2 and th en  
to  a Daystrom Weston s t r i p  c h a r t re c o rd e r .
The en tran ce  and e x i t  s l i t  w id ths o f  th e  spec trom eter were 
m aintained a t  0 .80  mm. This s e t t in g  g ives th e  maximum in te n s i ty  o f  
tra n sm itte d  l ig h t  c o n s is te n t  w ith  adequate r e s o lu t io n  o f  th e  potassium  
resonance d o u b le f.
B The O p tica l Line Up.
The l ig h t  source was placed about 5 cm from th e  en tran ce  s l i t  
o f  th e  monochromator in  o rd e r to  f i l l  th e  o p tic s  o f  th e  in s trum en t w ith
l i g h t .  An f / l .O  len s  o f  fo c a l le n g th  5 ,5  cm was lo ca ted  J 4 .J  cm from 
th e  p a ra b o lic  m irro r in  th e  monochromator. An f /2 .p  le n s  o f  fo c a l
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len g th  2 6 .0  cm, 6 2 ,5  cm beyond the  f i r s t  le n s , formed an Image o f  th e  
e x i t  a l i t  o f th e  monochromator in  th e  fluo rescence  c e l l ,  in  f ro n t  of 
th e  s id e  window. The window and image were s itu a te d  48.5  cm from th e  
second le n s . The image so formed was 10 mm in  h o ig h t and 1 .0  mm w ide. 
The system was so designed as to  form an image o f  tho  p a ra b o lic  m irro r 
7 .8  mra square and 47 .0  cm from tho  second le n s . In the  course o f  tim e, 
th e  su rface  -  s ilv e re d  ra irro r c o lle c te d  a sm all amount o f  d u s t which 
was d i f f i c u l t  to  remove w ithou t m arring the  s i lv e r  la y e r .  The la y e r o f  
d u s t s c a t te r s  l i g h t ,  making th e  illu m in a ted  p o rtio n  o f  th e  m irro r a 
weak second o b je c t fo r  th e  lone system . I f  t h i s  source o f  l i g h t  i s  
n o t p ro p e rly  focused , o r i f  th e  m irro r i s  no t sc ru p u lo u sly  c le a n , th e  
l i g h t  so s c a tte re d  may be re f le c te d  in  th e  c e l l  and be d e tec te d  by th e  
spectrom eter as s tra y  l ig h t  o f  th e  in c id e n t w avelength.
Very l i t t l e  l i g h t  i s  lo s t  in  t h i s  system a p a r t  from su rface  
r e f le c t io n s  from th e  le n se s  so th a t  a h igh  in te n s i ty  image i s  formed 
in  th e  flu o rescen ce  c e l l .  The le n g th  o f th e  cone o f l ig h t  e n te r in g  
th e  oven and i t s  sm all ang le  o f  d ivergence  (M .ltf) ensure t h a t  th e re  
w i l l  be no r e f le c t io n  o f f  th e  w a lls  o f  th e  c e l l  when th e  second len s  
i s  p ro p e rly  a d ju s te d .
The monochromator and th e  le n se s  were placed on a  heavy 
ta b le  made o f  welded two inch ang le  iro n . The le n se s  were mounted in  
c a r r ia g e s  on an o p tic a l  bench bo lted  secu re ly  to  th e  t a b le .  The len s  
c a r r ia g e s  were f i t t e d  w ith  knurled screws to  perm it v e r t i c a l  and 
l a t e r a l  ad justm ent o f  th e  len s  p o s i t io n s .
The p o s i t io n  o f  L^, an f / l . l l  len s  o f fo c a l le n g th  10 cm, s i t ­
uated  between th e  oven and th e  sp ec tro m ete r, i s  v a r ia b le .  I t  was ad­
ju s te d  a t  th e  beginning o f  each experim ent fo r  maximum in te n s i ty .
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sin ce  th e  p o s i t io n  o f th e  f lu o re s c e n t reg io n  in  th e  c e l l  depends to  
some e x te n t on c e l l  geom etry. However, a p o s i t io n  2J cm from th e  
spectrom eter and 19 era from th e  c e l l  window is  f a i r l y  ty p ic a l .
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IV RESULTS AND DISCUSSION 
S en s itiz ed  F luoresoenoe in  Potassium  Vapour.
At th e  beginning  o f  an experim en tal ru n , th e  flu o resc en c e  o e ll
was tho rough ly  outgaaaed by h e a tin g  to  250 °G w hile  pumping th rough
-6both  th e  c a p i l la r y  tube  and th e  a ide  arm. When a p re ssu re  o f  2x10 
T orr, o r l e s s ,  was reached , th e  pyrex oapaule co n ta in in g  th e  potassium  
was broken w ith  th e  a te e l  b reak er by means o f  a sm all permanent magnet. 
The potassium  was very slow ly d i s t i l l e d  th rough th e  o o n s tr io t io n  in to  
th e  s id e  arm o f  th e  flu o resc en c e  c e l l  u n t i l  about h a l f  o f  th e  potassium  
remained in  th e  cap su le . T his procedure h e lp s  to  e lim in a te  low vapour 
p re ssu re  im p u r it ie s , m ainly sodium, and le ad s  to  more re p ro d u c ib le  
experim ental r e s u l t s  th a n  would o th erw ise  be o b ta in e d . The s id e  arm 
was sealed  o f f  under vacuum and d isconnec ted  from th e  vacuum system a t  
a p o in t 10 to  14 cm from th e  body o f  th e  c e l l .  The rem ainder o f  th e  
s id e  arm c o n ta in in g  th e  c ap su le , b re a k e r , and re s id u a l  po tassium , was 
th en  removed from th e  vacuum system . F in a l ly , th e  therm ocouple was 
a ttach ed  to  th e  end o f th e  s id e  arm and th e  s id e  oven s l id  in to  p la c e .
The le n s  Lg ( f i g  l )  was th en  a d ju s te d , w ith  th e  ovens a t  room 
tem p era tu re , so th a t  th e  image o f  th e  monochromator e x i t  s l i t  was 
placed as  c lo se  as  p o s s ib le  to  th e  s id e  window w ith o u t producing 
r e f l e c t io n s .  The p o s i t io n  o f  th e  image depends p r im a rily  on c e l l  geo­
m etry and v a r ie s  s l ig h t ly  from c e l l  to  c e l l .  The len s  between th e  
oven and th e  spec trom eter was a d ju s ted  fo r  maximum l ig h t  in te n s i ty  
w ith  th e  ovens a t  about 60®b so th a t  some f lu o re s c e n t l i g h t  was 
a v a i la b le .  The ovens were brought up to  tem p era tu re , th e  l i g h t  source
52
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switched on, and th e  power to  th e  p h o to m u ltip lie r  (1 .8  KV) and e le c t ro ­
m eter tu rned  on. The equipment was allowed to  s t a b i l i z e  fo r  a t  le a e t  
one hour b e fo re  any read in g s  were ta k en .
A fte r th e  equipment had reached s ta b le  o p e ra tin g  c o n d itio n s , 
one o f  th e  potassium  D l in e s  was made in c id e n t on th e  flu o rescen o e  c e l l .  
The f lu o re s c e n t spectrum was scanned tw ic e . The o th e r D l in e  was then  
made in o id e n t and again  th e  spectrom eter made two aoana th rough  th e  
f lu o re so e n t speetrum . This procedure was follow ed u n t i l  fo u r scans 
had bsen made w ith  each o f  th e  D l in e s  in c id e n t . The in t e n s i t y  r a t io s ,  
c a lc u la te d  from th e  s t r i p  c h a r t re co rd s  o f  th e se  scans o f  th e  spectrum  
were th en  averaged to  y ie ld  v a lu es  o f  '7  ^ and fo r  a g iven  te m p e ra tu re . 
I f  th e  r a t i o  showed co n sid e rab le  s c a t t e r  due to  low in te n s i ty ,  th en  
s ix  o r seven scans would be made w ith  each l in e  in c id e n t to  o b ta in  a
b e t t e r  av erag e . The r a t i o s  were th en  co rrec ted  fo r  th e  e f f e o ts  o f
r e f le c t io n  and s p e c tra l  Im purity .
Table 1 g ives th e  experim ental v a lu es  fo r  =  I  and -vf — I >
x2 h
where 1  ^ i s  th e  in te n s i ty  o f  th e  7699 X component and I 2 i s  th e  in te n s ­
i t y  o f  th e  7665 X component. In each c a s e ,th e  in te n s i ty  o f  t h a t  compo­
nen t o f  th e  f lu o re s c e n t spectrum  which i s  p re se n t in  th o  e x c it in g  beam 
i s  given a s  th e  denom inator. These r a t io s  were obtained  by u s in g  
th re e  d i f f e r e n t  samples o f  potassium  in  two flu o rescen ce  c e l l s .  
R ep ro d u c ib ility  was a t  a l l  tim ea th e  c r i t e r io n  fo r  r e te n t io n  o f  any 
r a t i o .
The d a ta  from Table 1 were p lo tte d  l in e a r ly  a g a in s t  potassium  
vapour p re ssu re  as shown in  f ig u re s  (10) and (1 1 ) . R ep resen ta tiv e  
p o in ts  obtained  by Thangaraj (19^8) and Hoffmann and Seiw ert (1961) 
a re  p resen ted  fo r  com parison. The va lu es  o f found in  t h i s
Reproduced  with permission o f th e  copyright owner. Further reproduction prohibited without permission.
34
TABLE 1
I n te n s ity  R atios in  S en s it iz e d  F luorescence Induced
----------- ugu * w uo.acxuiu-.vu.JL..u
E x c ita tio n  w ith
AUAAlJUn*,,.... . .... . .......... |
E x c ita tio n  w ith
Temp. P ressu re  (T orr) 7665A ( I , ) 1699k ( I t ) Run
°K ”f l =  V r 2 7 2 = I 2/ I i No.
3 64 1 .0  x 10"5 0.00195 0.00185 5
569 1 .5  X 10-5 0.00970 0.00772 4
570 1 .6  x 10“5 0 .00298 0.00198 1
576 2.63 X 10"5 0.00687 0.00561 1
578 2 .8  x 10“ 5 0.00653 0.00471 5
579 5 .1  x 1 0 '5 O.OI505 0.01561 4
587 5 .5  x 10”5 0.01852 0.01530 1
589 6 .2  x 10~5 0 .0318 0.0205 4
400 1 .3  x 10-* 0 .0 3 3 0 O.0516 1
400 1 .5  X io "4 0 .0 3 9 0 0.0444 4
406 1 .9  X io " 4 0.0521 0.0422 5
409 2 .3  X 10-4 0 .0540 0.0453 1
4 l l 2 .6  x 10”4 0.0645 0.0791 4
420 4 .4  x 10-4 0 .1235 0 .1070 5
421 4 .7  x 10”4 0.1251 0 .1168 1
422 3 .0  X 10-4 0.104 0.212 4
432 8 .5  x 10-4 0.202 0.200 1
437 1.15 x 10-5 0 .2 3 8 0.264 5
438 1.2  x
-3  
10 J 0.138 0 .296 4
441 1 .4  x 10"5 0.237 0 .250 1
448 2.05 X 1 0 '5 0.289 0.450 5





Preeaure (T o rr)
E x c ita tio n  w ith  
7665A ( i 2)
E x c ita tio n  w ith  
7699A ( I 1) Run
No,
%  =  h f h
450 2.25 x 10“* 0 .265 0.518 1
*57 5 .2  x IO"5 0 .516 0.646 5
*71 6 .2 5  x 10“5 0 .571 0.728 1
*71 6 .2 5  x 10“5 0.404 0.822 5
485 1.15 x 10”2 0 .4 5 8 0.945 4
494 1.7  x 10“2 0 .4  99 1.051 5
497 1.92 x IO-2 0 .5 0 8 1.005 4
506 2 .8  x 10"2 0.614 1.175 5
507 2 .9  x 10”2 0.572 «W» w e 4
517 4 .2  x IO"2 0.628 4
518 4 .5  x IO"2 0.654 1.240 5
529 6 .6  x 10“2 0.690 1.511 5
555 7-7 x 10-2 O.650 1.510 5
559 9 .4  x IO '2 0.685 -  -  - 4
540 9 .6  x 10-2 0.679 1.581 5
54 6 1 .2  x IO-1 0.655 1.555 4
550 1.58 x IO"1 0 .626 1.512 5
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3 7
in v e s t ig a t io n  agree very  w ell w ith  th o se  o f  Hoffmann and S eiw ert, 
w hile  f o r ^ j  the  r e s u l t s  o f  t h i s  in v e s t ig a tio n  a t h igh  p re ssu re  a re  
about 6/S h ig h e r th an  th o se  o f Hoffmann and Se iw ert.
The v a lues o f bo th  r a t io s  found by Thangaraj a re  very much
lower a t  a l l  p re s su re s . This is  to  be expected i f  th e  th e o r e t ic a l  ex- 
p ec tio n s  s e t  out in  s e c tio n  I I  a re  c o r r e c t ,  s in ce  Thangaraj worked 
under co n d itio n s  in  whioh ra d ia t io n  d if f u s io n  must have been a dominant 
f a o to r .
Ae th e  vapour d e n s ity  o f potassium  i s  in c reased , th e  r a t io  o f  
th e  p o p u la tio n s  o f  th e  two excited  s ta t e s  should approach th e  r a t i o  o f
p
t h e i r  s t a t i s t i c a l  w e ig h ts . The P ^ 2 le v e l has a 4 -  fo ld  degeneracy
and th e re fo re  a  s t a t i s t i c a l  w eight o f  A. S im ila r ly , th e  s t a t i s t i c a l  
2
w eight o f  th e  ^  ^  exP30^®^» th e n , t h a t  as
th e  vapour d e n s ity  o f  potassium  i n c r e a s e s , ^  and should approach
th e  v a lu es  o f  0 .5  and 2 .0  re s p e c t iv e ly .  In f a c t ,  and reach
o o n stan t v a lu es  o f  0.655 and 1.55* re s p e c tiv e ly . The same e f fo o t  was 
observed by Hofftaann and S e iw ert. This d e v ia t io n  from p red io ted  v a lues
i s  most r e a d i ly  exp lained  by th e  f a c t  th a t  the  ab so rp tio n  c o e f f ic ie n t
o o
o f th e  766% component i s  tw ice  th a t  o f  th e  7o99A component. This
d if fe re n c e  in  a b so rp tio n  would tend  to  in c re a se  and d ecrease  as 
r a d ia t io n  d if f u s io n  becomes more and more s ig n i f ic a n t .
The v a lu es  o f  th e  in te n s i ty  r a t io s  a re  p lo tte d  se m i-lo g a rith ­
m ica lly  a g a in s t  potassium  vapour p re ssu re  in  f ig u re  (1 2 ) . The sem i-log  
p lo t  i s  made neoessary  by th e  fa c t  t h a t  potassium  vapour p re ssu re  was 
v aried  by f iv e  o rd e rs  o f  magnitude in  th e se  experim en ts. The low- 
p re ssu re  d e t a i l  i s  l o s t  in  a l in e a r  p lo t  o f  th e  whole experim ental 
range o f vapour p re s su re s .
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f ig u r e  (12) A Semi -  Logarithm ic P lo t o f  =s I 1 / I 2  and/*J2 =  




-5  -AThe reg ion  o f th e  curves from 1x10 to  about 7x10 T orr and
-3  -1from 5x10 y to  1.5x10 Torr was rep ro d u c ib le  in  a l l  th re e  experim ent- 
a l  runs* However,the reg io n  between 7x10 and 3x10 Torr was d ec id ed ly  
non -  re p ro d u c ib le  except in  th e  case where th e  d is ta n c e  o f th e  a l i t  
image in  th e  o e l l  to  th e  aide window was e x ac tly  d u p lica ted  in  two 
runs* As Hoffmann and Seiw ert (1961) have found, th e  v a lu es  o f  and 
/72 t h i s  p re ssu re  range depend c r i t i c a l l y  on th e  d is ta n o e  between 
th e  f lu o re s c e n t spo t end th e  aide window. This would seem to  in d ic a te  
th a t  t h i s  p re ssu re  range marks th e  o n set o f r a d ia t io n  d i f f u s io n .
In  a l l  oases , w ith in  a given run , when th e  c e l l  geometry was 
u n a lte re d , bo th  in te n s i ty  r a t io s  f e l l  on smooth cu rv es . The v a lues 
in d ica ted  in  f ig  (12) in  th e  range 7x10“^ to  3x10“^ Torr must th e re ­
fo re  be tak en  a s  re p re se n ta tiv e  r a th e r  th an  q u a n t i ta t iv e .  Many more 
p o in ts  th an  th o se  shown were a c tu a l ly  tak en  in  t h i s  re g io n , b u t only 
th e  most rep ro d u o ib le  were used to  avoid confusion . T his geometry 
dependanoe i s  n o t troublesom e, s in ce  i t  occurs w e ll above th e  p re ssu re  
range in  whioh th e  experim ental d e te rm in a tio n  o f  o roas s e c tio n s  were 
to  be made* The v a lu es  o f '7 ^  and ob tained  in  th e  absence o f
ra d ia t io n  imprisonment a re  tho  most u s e f u l .
-4
I t  i s  s ig n if ic a n t  t h a t  a t  3x10 Torr th e  curves fo r  *7^ a n d ^ 2
merge} th e  two r a t io s  a re  id e n t ic a l  below t h i s  p re s su re . For preBS'- 
-4u ree  below 3x10 T orr, no comparison w ith  p rev ious work can be made, 
s in ce  flu o rescen ce  a t  th e se  low vapour d e n s i t ie s  has n o t been 
p re v io u s ly  observed . Tho merging o f  tho  in te n s i ty  r a t io s  im p lies  th a t  
th e  c o l l i s io n  numbers and crosB s e c tio n s  fo r  th e  upward and downward 
t r a n s i t io n s  become e q u a l. This e f f e c t  might be explained by assuming 
th a t  th e  component o f  th e  t o t a l  an g u lar momentum o f  th e  o o ll id in g
lm tu n rc iT Y  n r  t t r i im s n i t  i  ir r a r y
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system is  conserved along th e  c o l l ie io n  a x le . More w i l l  be eaid  o f  
t h i s  in  th e  eeoond h a l f  o f  th iB  s e c tio n . Below 5x10 Torr th e re  
should be no e f f e c t s  due to  r a d ia t io n  imprisonment and th e  in te n s i ty  
r a t io s  observed a t  th e se  p re ssu re s  should y ie ld  t ru e  cross s e c tio n s  
fo r  in e la s t i c  c o l l i s io n s  in  th e  absenoe o f r a d ia t io n  im prisonm ent.
F igure (15) i s  a  l in e a r  p lo t  o f  in te n s i ty  r a t i o s ,  c o l l i s io n  
numbers, and o ross  se c tio n s  a g a in s t potassium  vapour p re ssu re  in  th e  
reg io n  where r a d ia t io n  d if fu s io n  i s  no t s ig n i f ic a n t .  The s t r a ig h t  
l in e  drawn through th e  p o in ts  re p re se n tin g  va lu es  o f ^  and *7^ i s  a 
good e s tim a te  o f  th e  mean p o s it io n s  o f  th e  experim ental p o in ts .  This 
l in e  i s  th e  same as th e  one whloh appears on th e  eem l-logarithm io  p lo t  
and flfg.
From th e  s t r a ig h t  l in e  curve fo r* 7 j and v a lu es  were tak en  
and used w ith  th e  a id  o f  eq u atio n  ( 20) to  o a lo u la te  and Z2 , whloh 
a re  id e n t ic a l  in  t h i s  re g io n . These va lues a re  g iven  in  Table 2 and, 
when th ey  a re  p lo tte d  a g a in s t  potassium  vapour p re s su re ,e  s t r a ig h t  l in e  
results. This l in e a r  v a r ia t io n  w ith  potassium  vepour p re s su re  i s  very 
s ig n i f ic a n t  and in d ic a te s  th a t  th e se  r e s u l t s  a re  l ik e ly  to  be o o rre o t.
The aocuraoy w ith  which o r ^ g  can be ex p erim en ta lly  measured 
depends upon th e  m agnitude o f th e  r a t i o s .  The s e n s it iz e d  flu o rescen ce  
produced by c o l l i s io n s  i s  o f  very  low in te n s i ty  and th e  s ig n a l to  
n o ise  r a t i o  o f  th e  p h o to m u ltip lie r  system  becomes th e  determ in ing  
fa o to r  in  experim ental p re c is io n  as  th e  vapour p re ssu re  d eo reases  to  
very low v a lu e s . For example, a t  1x10 y T orr, s in g le  v a lu es  o f ^  and 
•f2 have e p robable  e r ro r  o f  about J0%. Taking v a lu es  from th e  s t r a ig h t  
l in e  through th e  p o in ts  r e p r e s e n t i n g ^  andcpg d eo reases  t h i s  experim­
e n ta l  e r ro r  to  some e x te n t .  Even so , i f  c ross se c tio n s  e re  c a lc u la te d
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TABLE 2
ill
C o ll i s io n  Numbers in  S e n s it iz e d  F luorescence Induced by 
Potassium  -  Potassium  C o llis io n s
Pressure
(Torr) *?1 -  V J2 *?2 " V 1!
Z1
2p . 2p
\ / T ^  3 /2  
C o ll/a to m /sec
Z2
P3 /F *  2pi / 2  
C o ll/a to m /sec
2 .0  x IO"5 0.005 0.005 1.94 x io5 1.94 x IO5
J .6 x 10-5 0.009 0.009 5.49 x io5 5 .49  x IO5
5.0  X 10*5 0.015 0.015 5.07 X io5 55 .07  x 10'
7.0  X 10*5 0.018 0,018 7 .04  X IO5 7 .0 4  x IO5
1 .0  x 10“* 0.026 0 , 0 2 6 1.05 X 106 1.05 x 106
1 .2  x 10“* 0.051 0.051 1.25 X 106 1.25 x 106
U x  10’ * 0.056 0.056 1.44 X 106 1.44 x 106
1 .6  X 10“* 0.042 0.042 1.69 x 106 1.69 x 106
2 .0  x 10’ * 0.052 0.052 2 .12  x IO 6 2.12  x 106
2.4  x 10~* 0.062 0.062 2.55 x 106 62 .55  x 10
2 .8  x 10“* 0.075 0.075 5.02  x 106 5.02  x IO6
5 .0  x 10 0.078 0.078 5.25 x 10^ 5.25 x 106
4 .0  x 10“* 0.095 0.099 4 .2 0  x 106 5.97 x 106
6 .0  x 10** 0.126 0.144 6.54 x IO 6 5 .56  x 106
8 .0  x 10“* 0.155 0.195 8.92  x 106 7 .2 5  x IO 6
1 .0  x 10“5 0.176 0.240 1.15 x 107 8.77 x IO6
1 .5  x IO"5 0.218 0.558 1.71 x 107 1.21 x IO7
2 .0  x IO*5 0.249 0.415 2.21 x 107 1.51 x IO7
5 .0  x IO"5 0.294 0.558 5 .18  x 107 2.06  x IO7
5.0  X 10"5 0.556 0.700 4.85  x 107 5.09 x IO7
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TABLE 2 ( c o n t i n u e d )
h2
Pressure
(T orr) \  " V T 2 " ? 2
Z 1
2 P ___> 2
1 / 2  P3 /2  
C o ll/a to m /sec
Z2
2  2  
P3 / 2 ~ *  Pl / 2  
C o ll/a to m /sec
7 . 0  x 1 0 “ 5 0 .598 0 .8 0 0 6 . 5 1  x 1 0 7 4 .0 4  x 1 0 7
8 .5  x 1 0 - 5 0 .425 0 .856 7 .5 5  x lo'' 4 .7 4  x 1 0 7
1 . 0  x 1 0 ~ 2 0.445 0 . 9 0 0 8 . 5 5  x 1 0 7 5 .**  x 1 0 7
1 . 2  x 1 0 ~ 2 0 .468 0 .945 9 .5 5  x 1 0 7 6 .2 9  x 1 0 7
l . J  x 1 0 ~ 2 0.480 O. 9 6 5 1 . 0 2  x 1 0 8 6 . 7 7  x 1 0 7
2 . 0  x 1 0 ” 2 0 .5 5 8 1 . 0 7 6 1 . 5 1  x 1 0 6
8
1 . 0 2  x 1 0
5 .0  X i r f 2 0 .592 1.170 2 . 5 5  x 1 0 8 1 . 6 0  x 1 0 8
4 . 0  x 1 0 ~ 2 0 . 6 5 0 1 . 2 2 8 5 . 5 9  x 1 0 8 2 . 5 8  x 1 0 8
5 . 0  x lo “ 2 0 . 6 5 0 1 .275 4 .7 4  x 1 0 5 .2 9  x 1 0 8
6 .0  x lo ~ 2 0 .655 1.505 5 . 6 8  x 1 0 8 5 .9 6  x 1 0 8
7 .0  X 10“2 0 .655 1 . 5 2 0 6 .2 4  x 1 0 8 4 .5 1  x 1 0 8
8 . 0  x 1 0 “ 2 0 .655 1 .552 6 . 6 5  x 1 0 8 4 .5 9  x 1 0 8
9 . 0  x 1 0 ~ 2 0.655 1.5*0
O
6 .9 9  x 1 0 4 .8 1  x 1 0 8
9 .5  x 10” 2 0 .655 1 .5*5 7 .1 5  x 1 0 8 4 .0 0  x 1 0 8
1 .0  X lo - 1 0 . 6 5 5 1.550 7 .4 0  x 1 0 8 5 . 1 0  x 1 0 8
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
4 5
? ,  and ? 2  X 10 '
Z.andZn(COLL. ATOM1 SEC.' X 10® ) 
1 *  ro  <m
r \ l CNJ
-22
«•











































p o in t  fo r  p o in t  from va lues  o f  th e  c o l l i s i o n  numbers a t  low potassium 
vapour p re s su re s ,  th e  probeble  e r r o r  w i l l  be very h igh  because o f  th e  
probable  e r r o r  o f  20$  in  th e  vapour p re s su re  as  ca leua ted  from th e  
ab so lu te  tem p era tu re .
Since th e  c o l l i s i o n  numbers in  th e  absence o f  r a d ia t io n  im pris­
onment vary  l i n e a r l y  w ith  p re s su re ,  a means i s  provided whereby th e  
e r r o r s  involved in  th e  measurement o f  th e  i n t e n s i t y  r a t i o s  and in  the  
c a lc u la t io n  o f  th e  c ro ss  seo tio n  oan be la rg e ly  e l im in a te d .  The c ross  
s e c t io n ,a s  rep resen ted  by equation  (2 4 ) ,  v a r ie s  as th e  f i r s t  d e r iv a t iv e  
o f  th e  c o l l i s i o n  number w ith  re s p e c t  t o  p re s su re ,  ex cep t  fo r  th e y /T 1 
v a r i a t i o n  which i s  extrem ely slow over th e  d i f f u s io n  -  f r e e  p re s su re  
range . Since th e  c o l l i s i o n  number v a r ie s  l i n e a r l y  w ith  potassium
vapour p re s s u re ,  th e  f i r s t  d e r iv a t iv e ,  or slope, o f  t h i s  l i n e  i s  a con­
s t a n t ,  equal t o  1 .0 5 x 1 0 ^  c o l l i s i o n s  atom'* sec” * Torr“ *. Therefore  
th e  o ross s e c t io n  depends only on 'f7F  in  t h i s  reg io n  o f  potassium  vapour 
p re s su re s .  The c ross  s e c t io n s  and Qg s r e  both  given e x p l i c i t l y  by 
Q =  5 . 5 0 \ / T x io ” 15 cm2 .
T hus,the  c ro ss  se c t io n s  heve been reduced to  a fu n c t io n  o f  th e  r e l a t i v e
v e lo c i ty  on ly . At 2.0x10 T orr ,  t h i s  r e l a t io n s h ip  g ives
, ✓ -12 2 Q =  6 .6x10 cm .
The r e s u l t s  a re  compered below w ith  those  obtained by Thangaraj and
Hoffmann and Seiw ert.
Source (cm2 ) 0,2 (cm2 )
This in v e s t ig a t i o n  
Thangaraj (1948)
Hoffmann &, Seiw ert ( I 96I )
6 . 6x l 0~12
-145.5x10
-141 . 2x10
6 . 6x l0“12
-141 . 65x10
o .6x lo" 14
The d is c re p a n c ie s  in d ica ted  in  th e  above comparison a re  due to
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two f a c to r s .  This In v e s t ig a t io n  was ca r r ie d  out in  th e  absence of 
r a d ia t io n  imprisonment. Sine© T h a n g a r a j  worked in  the  reg ion  o f  sur­
face f lu o rescen ce ,  and Hofftaann and Seiwert obtained most o f  t h e i r  d a ta  
in  th e  reg ion  o f  volume f lu o rescen ce ,  ex tens ive  t h e o r e t i c a l  compensation 
fo r  th e  e f fe o te  o f  rod lo t io n  d i f f u s io n  was n ecessa ry  in both  oases . 
Thangaraj used M ilne 's  theory  (1926) w hile  Seiwert adapted H o ls te in 's  
th eo ry  (19^7) to  h i s  experim ental c o n d i t io n s .  N e ith e r  o f  th e se  au tho rs  
obtained experim ental d a ta  under d i f f u s io n  f ree  c o n d it io n s ,  so t h a t  
t h e i r  f i n a l  va lues  fo r  Qj and Q,, depended on th e o r e t i c a l  assumptions 
about th e  e f fe c t iv e n e s s  o f  r a d ia t io n  d i f f u s io n  and th e  e f f e c t s  o f  the  
geometry o f  t h e i r  experim ental a rrangem ents . In a d d i t io n ,  bo th  Thangaraj 
and Hofftaann and Seiwert were dependent upon an exact knowledge o f  th e  
ab so lu te  d e n s i ty  o f  the  a l k a l i  vepourB in  t h e i r  systems. Such an 
exact knowledge o f  vapour d e n s i ty  was no t necessary  in  t h i s  in v e s t ig ­
a t io n ,  nor were any t h e o r e t i c a l  c o r re c t io n s  req u ire d .
The e r r o r  p o s s ib le  in  values o f  Q c a lc u la ted  p o in t  -  fo r  -  p o in t 
from th e  c o l l i s i o n  numbers would be about JQ%, This f ig u re  i s  based 
upon a probable  e r ro r  in vapour p re s su re  o f  20% as s p ec if ied  by
Ditchburn and Gilmour (19^1)• The e r r o r  in  p ressu re  i s  probably due
t o  th e  e r r o r  involved in  th e  measurement o f  one o f  th e  c o n s ta n ts  in
equation  (25)• T h is ,  in  tu r n ,  i s  due to  an inexac t knowledge o f  tho
r a t e  o f  change o f tho  h ea t o f  v ap o u riza t io n  o f  potassium as i t  a f f e c t s  
th e  C lausius  ~ Clapeyron equation . Thus, although th e  p re s su re s  
determined w ith  th e  aid o f  equation ( 25) may be above or below th e  
" tru e"  vapour p ressu re  o f  potassium, th e  p re s su re s  w i l l  be c o n s is te n t  
among them selves. I f  th e  c ross  s e c t io n s  a re  ca lcu la ted  p o in t  -  fo r  _ 
p o in t from va lues  fo r th e  c o l l i s io n  numbers, any probable e r r o r  in
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p re ssu re  w i l l  appear in  th e  c ro ss  s e c t io n s .  However, th e  slope o f  tho  
c o l l i s i o n  number curve i s  independent o f  th e  ab so lu te  p re s su re ,  pro­
vided t h a t  th e  p re ssu re s  measured a re  c o n s is te n t  among them selves . 
T here fo re , i f  suoh a l i n e a r  v a r i a t i o n  oocurs , th e  only e r r o r  a t t r i b u t ­
ab le  t o  p re ssu re  appearing  in  th e  c ross  s e c t io n s  i s  due t o  th e  inaccu r­
acy in  a b so lu te  tem peratu re  measurement. This souroe o f  e r r o r  was 
com paratively  i n s i g n i f i c a n t .
The l a r g e s t  e r r o r  oocurs in  th e  measurement o f  s p e c i f i c  va lues  
o f ' f j  and *72  an<^  ^  an»°unts t o  about 1095 in  th e  reg ion  o f  low r a d ia t io n  
d i f f u s io n .  In t h i s  reg io n  th e  1095 p o s s ib le  e r r o r  in  appears  d i r e o t ly  
in  Z and Q.
As in d ica ted  in  S ec tion  I I , t h e  th e  v a r i a t i o n  o f  Z w ith  p ressu re  
i s  a c c u ra te ly  meaaureable only i f  d i f f u s io n  i s  a b se n t .  E x trap o la t io n  
o f  th e  l i n e a r  reg ion  o f  th e  o o l l i s io n  number curve to  h ig h e r  p re s su re s  
should r e p re se n t  th e  t r u e  v a r i a t i o n  o f  th e  o o l l i s io n  numbers unchanged 
by d i f f u s io n  e f f e o t s .
The experim ental d e te rm in a tio n s  o f  Z^ and Zg a t  h ig h e r  p re s s ­
u re s ,  found in  Table I I ,  a re  p lo t te d  semi -  lo g a r i th m ic a l ly  a g a in s t  
potassium vapour p ressu re  in  f i g  (1 4 ) .  The e x t ra p o la t io n  o f  th e  
l i n e a r  reg io n  o f Zj and Zg i s  p lo t te d  in  th e  same f ig u re  fo r  comparison. 
As predio ted  in  s e c t io n  I I ,  th e  c o l l i s i o n  numbers a t  h igher p re s su re s  
f a l l  below th e  va lues  obtained by e x t r a p o la t io n .  Z2 d e v ia te s  from th e
-b
ex trap o la ted  curve a t  about JxlO Torr w hile  fo llow s th e  e x t ra p o l -
ated curve to  a vapour p re ssu re  o f  JxlO T orr .  The reason why Z^ 
fo llow s th e  ex trap o la ted  curve to  h igher  p re s su re s  than  Z^ i s  due to  
th e  change in  apparen t l i f e t im e s  o f  t t »  exc ited  s t a t e s .  As proposed in  
sec t io n  I I ,  th e  l i f e t im e s  o f  both exc ited  s t a t e s  w i l l  be a r t i f i c i a l l y
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POTASSIUM VAPOUR PRESSURE (TORR)
2 2 2 2 
f ig u r e  (1U) A Serai -  Logarithm ic P lo t o f  Z ( P j r *  P , ) and Z ( P_ 7 7 “* P , ) A gainst
Potassium  Vapour Pressure '  '  '  /
Z i s  an E x trap o la tion  o f th e  L inear R egion o f  th e  Z^  and Curves
- f c -
4 8
lengthened . This m an ife s ts  i t s e l f  as a decrease  in  end an inc rease  
in  Y j ,  Sinoe the  ab so rp tio n  c o e f f i c i e n t  fo r  the  76 6 $  component i s
tw ice t h a t  o f  th e  7<$99  ^ component, th e  apparen t l i f e t im e  o f  th e
2
s t a t e  w i l l  in c re ase  more ra p id ly  than  t h a t  o f  the  Pjyg There­
fo r e ,  th e  c o l l i s i o n  number should decrease  more ra p id ly  than  Zi w ith
2
in c reas in g  vapour p re s su re .
Much th e  same argument holds t ru e  fo r  and Qg w ith  in c re a s ­
ing potassium vapour p re s su re .  The c ro ss  s e c t io n s  drop below th e  
e x trap o la ted  va lues  a t  th e  same p re s su re s  as th e  corresponding c o l l i s ­
ion  numbers.
The Total In te n s i ty  o f  Fluorescence in  Potassium Vapour.
The t o t a l  f lu o r e s c e n t  i n t e n s i t i e s  ( 1^ + 1^ ) fo r  bo th  o f  the  
potassium D l i n e s  used in  tu rn  in  th e  e x c i t in g  besm are  l i s t e d  in  
Table J  and p lo t te d  a g a in s t  th e  potassium vapour p re ssu re  in  f ig u re  
(1 5 ) .  These i n t e n s i t i e s  were obta ined  using  the  rad io  frequency source 
p rev io u s ly  d e sc r ib e d .  The lamp was operated a t  a low tem perature  which
caused th e  e x c i t in g  l i n e s  to  be q u i te  narrow and l i t t l e  s e l f  rev e rsed .
—6 —5From 5xl0~ Torr to  5x10 T orr, th e  t o t a l  in t e n s i t y  w ith  th e
7699^ component in c id en t  i s  about 509& g r e a te r  than  th e  t o t a l  in t e n s i ty
produced by i r r a d i a t i o n  w ith  th e  7665X component. In t h i s  reg ion  of 
p re s su re ,  th e  c o n tr ib u t io n  to  th e  t o t a l  f lu o re s c e n t  l i g h t  a r i s i n g  from 
se n s i t iz e d  f luo rescence  is  n e g l ig ib le .  T herefore , th e  observed reson­
ance f luo rescence  w i l l  depend on the  r e l a t i v e  ab so rp tio n  o f  the  two
O
wavelengths in  t h i s  reg io n . The ab so rp tio n  c o e f f i c i e n t  of th e  J66^h 
component i s  tw ice t h a t  o f  th e  7699^ component, lead ing  to  a lower
t o t a l  f luo rescence  w ith  th e  s h o r te r  wavelength.
The minima in the  two curves occuring a t  1x10 '  Torr a re  due to
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
49
TABLE ^
Total Intensity in Sensitized Fluorescence Induced
by Potassium -  Potassium C ollisions.
Temperature P ressu re
(T orr)
T o tal In te n s ity  
7665A In c id en t
T o ta l In te n s i ty  
7699A In c id e n t
350 5 .5  x 10~6 2 0 .0 26.5
3 65 9 .4  x 10-6 19.5 2 6 .0
373 2 .0  x 10"5 2 0 .5 26.5
585 4 .0  x 10" ' 2 2 .0 2 5 .0
395 8 .2  x 10"5 21.5 25.5
405
_2l
1 .6  x 10 18.5 21.5
418 4 .0  x 10”* 15.0 16 .5
458 1 .2  x 10” 5 11 .2 12.4
448 2 .0  x 10“ 5 17.0 14.0
457 5 .2  x 10"5 27.5 18.4
468 7 .0  x 10~5 26.5 18.5
479 1 .0  x 10” 2 24.0 18.2
495 1 .6  x 10"2 2 0 .5 16.4
515 5 .6  x 10”2 15.4 14.2
553 7 .8  x 10"2 7 .8 7 .0
A ll i n t e n s i t i e s  g iven in  a rb itra ry  u n i ts .
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POTASSIUM VAPOUR PRESSURE (TO R R )
f ig u r e  (15) The V a r ia tio n  o f the T o ta l F lu o rescen t I n te n s ity  With Potassium  Vapour Pressure
VJTO
th e  decreased e f f ic ie n c y  o f  th e  ab so rp tio n  p rocess due to  th e  broaden­
ing o f  th e  ab so rp tio n  l in e  in  the  sample due to  th e  in c rease  in  p re ss ­
u re . From t h i s  p o in t, s e n s itiz e d  flu o rescen ce  c o n tr ib u te s  an a p p re c i­
ab le  f r a c t io n  o f th e  t o t a l  f lu o re s c e n t in te n s i ty .  R ad ia tio n  d if fu s io n  
s e ts  in  lead in g  to  volume flu o rescen ce  a t  about 5x10 '  T o rr, which 
produces a maximum in  observed in te n s i ty .  As th e  potaaoium vapour 
p re ssu re  in c re a s e s , su rfa ce  flu o rescen ce  begins to  predom inate, lead in g  
to  g ra d u a lly  van ish ing  in te n s i t i e s  a t  th e  p o in t o f  o b se rv a tio n  w ith  
e i th e r  D l in e  In c id e n t, In g e n e ra l, th eae  curves agree very  w ell w ith  
th e  f in d in g s  o f Hoffmann and Seiw ert ( i 960 ) .
P lo tted  fo r  comparison i s  a s e t  o f  curves obtained  by Brookman 
(1962) who used an Osrem potassium  s p e c tra l  lamp. T heir peska have 
been norm slized to  th e  in te n s i ty  peaks produced by th e  R .F. Lamp.
Only one maximum is  in  ev idence , and i t  is  d isp laced  by one o rd er o f 
magnitude tow ards h ig h er potassium  vapour p re ssu re s  from th e  second 
s e t  o f  maxima produced by th e  R.F. Lamp. From th e  shape end p o s i t io n  
o f th e se  cu rv es , th e  advantages o ffe red  by th e  R .F. Lamp in  th e  reg ion  
o f low potassium  vapour p re ssu re  e re  immediately ap p aren t.
iim iv f r s it v  n r  ttnftintttD i ir d a d v
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S en s itized  Fluoreacan.ee Induced by Potaaaium -  Argon C o l l i s io n s .
In o rder  to  study c o l l i s i o n s  o f  th e  second kind between p o ta ss ­
ium and argon, a  fixed vapour p re s su re  o f  potassium was e s ta b l is h e d  
and v a rio u s  amounts o f  argon were adm itted  to  th e  f lu o rescen ce  c e l l .
The in t e n s i ty  r a t i o s  and ^  were then  determined fo r  each value  o f  
argon p re s su re .  The experim ental procedure wes much th e  same as  t h a t  
used in  th e  s tudy o f  pure po tassium . In  t h i s  c ase ,  th e  v a r ia b le  f a c to r  
was th e  d e n s i ty  o f  argon atoms, r a th e r  th an  o f potassium vapour.
The choice o f  a p a r t i c u l a r  potassium  vapour p re ssu re  depends 
on sev e ra l  f a c t o r s .  The r a t i o  o f  potassium  d e n s i ty  to  argon d e n s i ty  
must n o t be so low t h a t  th e  t r a n s i t i o n s  of i n t e r e s t  occur too  r a r e ly  to  
be observed. This r a t i o  must a l s o  be la rg e  enough so t h a t  quenching 
o f  th e  exo ited  potassium  atoms by im p u r i t ie s  in  th e  argon or by th e
argon i t s e l f  does no t reach  s i g n i f i c a n t  p ro p o r t io n s .  C o n v e r s e ly , i f
-4th e  potassium vapour d e n s i ty  r i s e s  above JxlO Torr, imprisonment o f  
r a d ia t io n  may p re sen t  a problem. F in a l ly ,  th e  d e n s i ty  r a t i o  o f  argon 
to  potassium must be so la rg e  a t  a l l  srgon p re s su re s  t h a t  t h e r e  w i l l  
be no s i g n i f i c a n t  c o n t r ib u t io n  t o  th e  i n t e n s i ty  r a t i o s  from c o l l i s i o n s  
between potassium  atoms.
A f te r  p re l im in a ry  experim ental runs a t  36l°K , 575°K, 425 °K and
* O  0475 K, a tem pera tu re  o f  575 K corresponding  to  a potassium  vapour p re s s -  
u re  o f  2x10 Torr was chosen as  th e  most l i k e ly  to  f u l f i l l  a l l  o f  th e  
above c o n d i t io n s .  At 56l°K (8xl0~^ Torr) quenching by im p u r i t ie s  in  
th e  argon com pletely blocked f lu o rescen ce  above 1.0 Torr argon p re s su re .  
At 425°K and 4 7 5 r a d i a t i o n  imprisonment was a dominant f a c t o r .
The argon used in  th e se  experim ents was obtained from th e  Linde 
A ir Products Co. and was s p e c i f ie d  t o  co n ta in  le s s  th an  20 p a r t s  per
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m il l io n  of gaseous im p u r i t ie s ,  Commercial argon, in  a a te a l  tan k  
obtained from Liquid Carbonic Canadian Co., was a lso  uaed and gave 
r e s u l t s  in d is t in g u is h a b le  from those  obtained w ith  th e  sp e c tro sc o p ic a l­
ly  pure gas .
The in te n s i ty  r a t i o s  ^  and ^  obtained under th e se  cond itions
a re  shown in  Table b . The experim ental r e s u l t s  in  th e  p re s su re  range
1 .0  to  JO Torr a r e ,  on th e  whole, n o t  as rep roduc ib le  as  those  obtained
throughout th e  potassium experim ents. This i s  a t  l e a s t  p a r t ly  due to
th e  low potassium vapour d e n s i ty  and to  the  f a c t  t h a t  th e  argon appeared
to  d is so lv e  in  th e  potassium , lowering i t s  vapour pressure*  Beoauso
o f  t h i s  com plication , th e  i n te n s i ty  r a t i o s  tended to  depend on whether
argon p re s su re s  were in c re a s in g  or d ec rea s in g , and in  o rd e r  to  reduce
,  o
t h i s  e f f e c t ,  i t  was n ecessa ry  t o  h e a t  th e  potassium to  475 K and o u t-  
gas freq u en tly .
Figure (16 ) shows a p l o t  o f  and a g a in s t  argon p resB u re .
I t  can be seen t h a t  ^  reached a  s teady  value o f  0.600 very  qu ick ly  
w hile  ^  approached 1.60  more s low ly . The low p re ssu re  r e s u l t s  which 
a re  l o s t  in  t h i s  p lo t  a re  shown semi -  lo g a r i th m ic a l ly  in  f ig u r e  (1 7 ) .  
The low -  p re ssu re  r a t i o s  were very  rep roduc ib le  because o f  th e  
r e l a t i v e l y  small quenching e f f e c t .  ^  and ^  become equal to  one an­
o th e r  as  the  argon p re ssu re  decreases  to  1 .0  Torr, in  a manner s im i la r  
t o  t h a t  observed fo r  potassium  c o l l i s i o n s .  Various v a lues  o f ^  and ^  
were read o f f  th e se  p lo t s  and s u b s t i tu te d  in  equations  (20) and ( 21) 
t o  calculate the oollision numbers. Those are l i s t e d  in  Table 5 8n  ^
p lo t te d  a g a in s t  argon p re ssu re  in f ig u re  (18 ) .
I t  csn be seen t h a t  Z  ^ and vary  l i n e a r ly  w ith  p re s su re  a t  
p re ssu re s  above 20 T orr .  At very low p re s su re s ,  (below 1 .0  Torr) Z
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TABLE 4
I n te n s i ty  R a tio s  in  S e n s it iz e d  F lu o rescen c e  Induced













1 .0  x 10" ? 0.0065 0.0065 7 .6 0.621 0 .7 9 0
1 .5  x 10~? 0.0125 0.0074 1 2 .0 0 .625 0 .826
5 .1  x 10~5 0.0157 0.0175 12.4 0 .608 0.927
J .2  x 10“ 5 0.0155 0 .0 1 0 0 17.7 0 .608 0.954
5 .2  x 10“ ? -------- 0.0188 24.9 0.694 O.988
6 .0  x 10” 5 0.0202 0.0184 25 .2 0 .6 6 9 1.041
7 .0  x lo~5 0.0218 0.0247 20.0 0.516 1.056
1.1 x 10~2 0.0177 0.0177 5 0 .0 0.554 1.065
1 .2  x 10~2 0.0242 0.0250 5 6 .0 0.598 1.088
2 .2  x 10” 2 0.0274 0.0255 48 .0 0.504 1.121
5 .9  x 10"? 0.0559 0.0519 5 0 .0 0 .625 1.160
1 .0  x 10” 1 0.0859 0.0016 75-5 0.597 1.275
1.9 x 1 0 '1 0.154 0.158 99 .8 0.554 1.508
5 .2  x 10” 1 0.180 0.176 147 0.612 1.546
4 .6  x 10"1 0.247 0.255 197 0 .626 1.465
1 .0 0.562 0.571 260 0.586 1.451
1.4 0.457 0.405 298 0.599 1.575
2 .6 0.519 0 .556 547 0 .605 1.519
5.1 0.501 0 .652 597 0 .607 1.525
5-5 0.625 0.658 458 0.611 1.498
4 .5 •* 0.659 495 0 .569 1.566
7 .2 , ----- 0.780 559 0.577 1.599




































































































C o l l i s i o n  N um bers i n  S e n s i t i z e d  F l u o r e s c e n c e  I n d u c e d  b y
P o t a s s iu m  -  A rg o n  C o l l i s i o n s
Pressure  
o f  Argon 
(T orr)
* 7 i  * y i 2 % =
Z12 ? 
f y 2 —  P3/2 
C o ll/a tom /sec
Z2
P3 /2 ““ * 2pl / 2  
C o ll/a tom /sec
5 .0  x io -5 0.014 0.014 5 .46  x 105 5 .46  x 10'>
1 .0  X 10“ 2 0.021 0.021 8 .25  x 10? 8 .2 5  x  V ?
5 .0  x  io"2 0 .029 0.029 1.15 x 106 1.15 x IO6
1 .0  X 10"1 0.085 O.O85 5 .5 0  x 106 5 .50  x  IO6
2 .0  x 1 0 -1 0 .1 5 8 0 .158 6 .15  x 106 6 .15  x XO6
6 .0  x 10"1 0 .2 7 8 0.278 1.48 x 107 1.48  x IO7
1 .0 0 .5 5 2 0.552 1 .9 2  x 107 1 .92  x IO7
2.0 0 .4 9 0 O.550 4 .10  x 107 5 .9 0  x IO7
5 .0 0 .5 5 0 0.620 5 .61  x 107 5 .2 0  x IO7
4.0 0.585 0.660 6 .54  x 107 6 .0 5  x IO7
5 .0 0 .598 0.715 7 .64  x 107 6.89  x IO7
6 .0 0.600 0.750 8 .40  x 107 7 .55  x IO7
8 .0 0.600 0.812 9 .7 5  x 107 8 .15  X IO7
10 0.600 O.865 1.10 x 108 8 .9 2  x IO7
20 0 .6 0 0 0.988 1 .5 0  x 108 1.15 x IO8
50 0 .600 1.054 1 .78  x 108 1.29 x IO8
50 0 .600 1.157 2 .5 2  x IO8
8
1.65 x 10
1 0 0 0 .600 1.508 5.75 x 108 2 .47  x 108
150 0 .600 1.580 4 .92  x 108 5 .19  x 108
200 0 .6 0 0 1.455 6 .54  x IO8 5.99  x 108
250 0 .6 0 0 1.474 7 .8 9  x IO8 4 .9 5  x IO8
500 0 .6 0 0 1.504 9*46 x IO8 5.92  x IO8
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v a r ie s  l in e a r ly  w ith  p re ssu re  b u t a t  a d i f f e r e n t  r a t e .  The two reg io n s  
a re  connected a t  in te rm e d ia te  p re s su re s  by a non l in e a r  p o r tio n  o f  th e  
curves fo r  Zj and Z2 . The p o r tio n s  o f  th e  g raph , correspond ing  to  
h igh  p re s s u re s , when e x tra p o la te d  to  low argon p re ssu re s , do n o t pass 
th rough  th e  o r ig in .  This would in d ic a te  th a t  th e  c o l l i s io n  c ro ss  
s e c tio n s  and Qg a re  p re ssu re  dependent as  shown by th e  fo llo w in g  
eq u a tio n s:
Qj = ( 8 .7 0  x IO" 17 + 5.15 x l O ^ J / T 1
P
q = / 5 . l A  x IC f17 + 2 .52  x lC f1^ ) S T  2 p
At h ig h e r p re s su re s  th e  dependence on p re ssu re  would be reduced . At
o200 Torr and 575 K# th e  c ro ss  s e c tio n s  become:
Q1== 1 .9 8  x 10” 15 cm2
Q2 =  1.25  x 10~15 cm2 
which a re  comparable to  th e  gas k in e t ic  c ro ss  s e c tio n s . Quenching, i f  
p re s e n t ,  would cause a  change in  th e  c o n sta n ts  involved in  th e s e  two 
eq u a tio n s .
The low p re s su re  curve fo r  Z i s  shown in  f ig u re  ( 19) .  in  th e  
p re s su re  range 0 ,0  to  1 .0  T o rr, and Z^ a re  equal and m ry  l in e a r ly  
w ith  p re s su re , a s  in  th e  case o f  very  low p re s su re s  o f  pure potassium  
vapour* Above 1 .0  T o rr, th e  curves fo r  and Z^ se p a ra te  and grad­
u a l ly  assume th e  shapes shown in  f ig u r e  (1 8 ) .
T rea tin g  th e  l in e a r  v a r ia t io n  as  o u tlin e d  fo r  th e  potassium  
r e s u l t s ,  th e  c ro ss  s e c tio n  fo r  po tassium  -  argon c o l l i s io n s  a t  low 
p re s su re s  i s  g iven  by :
Q =  7 .2 5  10~16 cm2
At 575 °K, Q =  1.4. x 10- 14 cm2
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V THE RELATIONSHIP BETWEEN Qj_ AND Q2 FOR INELASTIC COLLISIONS
In  b o th  th e  pure potassium  and potassium  -  argon system s, th e
in te n s i ty  r a t i o  curves merge a t  some s p e c if ic  p re s su re s , im plying
e q u a li ty  o f  th e  two c ro ss  se c tio n s  fo r  th e  upward and downward t r a n s i t -
2
ions* At th o se  p re s su re s  th e  e f f e c t iv e  s t a t i s t i c a l  w eigh ts o f  th e  P]y 2 
2
and P5 /2  must th e re fo re  be th e  same* Such a co n d itio n  w i l l
r e s u l t  i f  two assum ptions a re  made. I f  th e  t o t a l  an g u lar momentum o f 
th e  two co llid ing  atoms along  th e  c o l l i s io n  a x is  i s  conserved and i f  
th e  o r ie n ta t io n  o f th e  ground s ta t e  atom rem ains unchanged, th en  
e q u a li ty  o f  s t a t i s t i c a l  w eigh ts w i l l  be ach iev ed . The o r ie n ta t io n  o f
th e  ground s t a t e  does n o t seem to  a f f e c t  th e  in te r a c t io n  s in ce  s im ila r
2behaviour a t  low p re s su re s  i s  observed w ith  po tassium , Sjy 2 »an(* a r £on» 
1S0 , I f  th e  ground s t a t e  i s  n o t an S s t a t e ,  how ever,the co n se rv a tio n  
o f  angu lar momentum may a ls o  inc lude  th e  c o n tr ib u tio n  due to  ground -  
le v e l  o r ie n ta t io n .
I f  th e  ex p ress io n  obtained  fo r  th e  c ro ss  s e c tio n s  in  bo th  
Bystems a t  h ig h  and low p re ssu re s  a re  compared, sev e ra l f a c t s  o f 
i n t e r e s t  a re  b rought to  l i g h t .  In  b o th  system s, s t  low p re s su re s , 
where i t  I s  assumed th a t  th e  t o t a l  an g u lar momentum i s  conserved , th e  
c ro ss  s e c tio n  v a r ie s  only  w ith  th e  r e l a t iv e  v e lo c i ty  ( \/t} o f th e  c o l l ­
id in g  atom s. At h igh  p re s su re s , th e  c ro ss  s e c tio n s  a re  no longer equal 
to  one an o th er and vary  in v e rse ly  w ith  th e  p re ssu re  and d i r e c t ly  w ith  
r e l a t iv e  v e lo c i ty .  Thus i t  would appear th a t  th e re  a re  two p o ss ib le  
mechanisms fo r  energy t r a n s f e r .  One is  c h a ra c te r iz e d  by an g u lar 
momentum co n se rv a tio n  along  th e  c o l l i s io n  a x is ,  v e lo c i ty  dependance
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and r e la t iv e ly  h igh  e f f ic ie n c y . The o th e r  i s  c h a ra c te r iz e d  by an in ­
v e rse  dependence on p re s su re  and r e l a t iv e ly  low e f f ic ie n c y .
The fo llo w in g  e x p re ss io n  may be derived from th e  id e a l  gae law , 
which shows th e  re la t io n s h ip  between p re s su re , tem perature, and atom ic 
d e n s ity .
N =  9 » 6 5 6  P (Torr) x lO ^  atoms .
T co
The l in e a r  p re s su re  dependence o f  th e  c o l l i s i o n  numbers may be in te rp ­
re te d  a s  a v a r ia t io n  w ith  th e  p ro d u c t o f  atom ic d e n s ity  and a b so lu te  
tem p era tu re  o r k in e t ic  energy . C onsidering  t h i s  f a c t ,  i t  seems t h a t  
whenever a  two -  phase system  i s  in v o lv ed , such as  po tassium , where th e  
p re s su re  i s  a  fu n c tio n  o f  th e  tem p e ra tu re , i t  w i l l  be Im possib le  to  
observe a  t r u e  l in e a r  v a r ia t io n  o f  c o l l i s io n  numbers w ith  p re s su re  in  
p re ssu re  ranges where th e  tem p era tu re  i s  vary in g  r a p id ly ,  A s t r a ig h t  
l in e  was ob tained  fo r  Z a t  low potassium  p re s su re s  only  because o f  th e  
slow v a r ia t io n  o f  tem p era tu re  in  t h a t  p re s su re  re g io n . For t h i s  reaso n , 
i f  th e  o o l l i s io n  meohanism i s  th e  same a t  h igh  p re s su re s  in  bo th  th e  
potassium  and potassium  -  argon system s i t  should n o t be p o s s ib le  to  
observe an  unpertu rbed  l in e a r  v a r ia t io n  o f  Z. and Z a t  h ig h  potassium
A fa
vapour p re s s u re s .
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V I CONCLUSIONS
S e n s itiz e d  flu o reso en ce  in  potassium  induced by potassium  -  
potassium  and potassium  -  argon c o l l i s io n s  was in v e s tig a te d  fo r  th e  
f i r s t  tim e a t  very  low potassium  d e n s it ie s *  I t  appears t h a t  in  bo th
a re  id e n t ic a l  a t  low p ressu res*  For potassium  -  potassium  c o l l i s io n s ,
Thus, a t  low p re s su re s , th e  c ro ss  s e c tio n s  depend upon th e  r e l a t iv e  
v e lo c i ty  o f  th e  c o l l id in g  atom s. Also th e  c o l l i s io n  numbers depend 
upon th e  p roduct o f  atom ic d e n s ity  and th e  k in e t ic  energy (o r  tem per­
a tu r e ) .  The e f f ic ie n c y  o f  th e  potassium  -  potassium  c o l l i s io n s  i s  much 
g re a te r  th an  th a t  o f  th e  potassium  -  argon c o l l i s io n s .
The f a c t  t h a t  th e  c ro ss  s e c tio n s  fo r  th e  upward and downward 
t r a n s i t io n s  a re  equal i s  explained by th e  assum ption th a t  th e  component 
o f  th e  t o t a l  sn g u la r  momentum o f  th e  c o l l id in g  atoms a long  th e  
c o l l i s io n  a x i s ,£ J z , i s  conserved (a £ =  0 ) du ring  an in e la s t i c
rs
c o l l i s i o n ,  and th a t  th e  o r ie n ta t io n  o f  th e  ground s ta t e  atom ( S ^ 
o r  1S0 ) does n o t change.
At h ig h e r p re s su re s , Q2 in  e i th e r  system . The c ro ss
se c tio n s  a re  much sm alle r and vary  in v e rs e ly  w ith  th e  p re ssu re  and 
d i r e c t ly  w ith  th e  r e l a t iv e  v e lo c i ty .  There, th e  c o l l i s io n  numbers a re
system s, th e  c ro ss  s e c tio n s  (42P^/)^ —> 42P ^ 2 ) and Qg 42Pjy2 ) 
=  6 ,6  x 10~12 cm2 a t  about 400°K
and fo r  potassium  -  argon c o l l i s io n s ,
=  1 .4  x l< f*  cm2 a t  575°K
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expected to  vary  l in e a r ly  w ith  p re s su re , bu t much more slow ly th an  a t  
low p ressu res*  This v a r ia t io n  has been dem onstrated exp erim en ta lly  
fo r  potassium  -  argon c o l l i s io n s  ( f i g ’ 18)* No such l in e a r  v a r ia t io n  
oould be observed a t  h igh  potassium  vapour p re ssu re s  because o f  th e  
tem p era tu re  dependence o f  th e  c o l l i s io n  numbers, and o f  th e  f a c t  th a t  
potassium  p re ssu re  i s  a  fu n c tio n  o f  tem perature* F u rth e r com plications 
a re  a lso  in troduced by th e  presence o f  r a d ia t io n  im prisonm ent.
For potassium  -  argon c o l l i s io n s  a t  p re ssu re s  above 20 T o rn  
Ql =
=  1*98 x 10“ i:? cm* a t  200 Torr and 575 °K,
and Q2 »  ^ 5*14 x 10~17 + 2 .52 x lo ” 1^  J T
1.25 x 10"15 cm2 a t  200 Torr and 5 7 5 ^
In  th iB  p re ssu re  range, th e  c ro ss  s e c tio n s  fo r  c o l l i s io n s  o f  th e  second
kind a re  o f  th e  seme o rd e r o f  magnitude as  th e  gas k in e t ic  c ro ss  
s e c tio n s  and i s  no longer equal to  Q^. These two f a c t s  would imply
t h a t  th e  energy t r a n s f e r  m ight proceed by d i f f e r e n t  mechanisms a t  low 
and h ig h  p re s su re s .
The c ro ss  s e c tio n s  fo r  potassium  measured in  t h i s  in v e s t ig a t io n  
e re  much la rg e r  th an  th o se  o f Hoffmann and Seiw ert (1961). These 
a u th o rs  c a r r ie d  o u t t h e i r  experim ents in  th e  presence o f  r a d ia t io n  
d if f u s io n ,  and employed H o ls te in 's  th e o ry  to  c o r re c t  fo r  th e  d if f u s io n  
e f f e o t s .  No such c o rre c t io n s  were req u ired  in  t h i s  in v e s t ig a t io n .
T h e ir measurements were tak en  in  t h a t  reg io n  o f  potassium  vapour 
p re ssu re  in  which th e  c ro ss  se c tio n s  seem to  be th e  r e s u l t  o f  a c o l l i s ­
io n  mechanism d i f f e r e n t  from th a t  which dom inates th e  low p re ssu re  
re g io n . In  view o f th e  f a c t  th a t  th e  c ro ss se c tio n s  fo r  potassium  -  
argon c o l l i s io n s  a t  h ig h  and low p re ssu re s  d if f e r e d  by an o rd e r o f
18 .70  x 10“ 17 + 5*15 x 1CT ^ j y / T
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m agnitude, i t  may w ell be th a t  th e  measurements made by Hofftaann and 
Seiw ert were th e  r e s u l t  o f  th e  le s s  e f f i c i e n t  p re ssu re  dependent 
mechanism.
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